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PREFACE. 


This  little  book  pretends  to  be  nothing  more  than  a 


summary  of  Formulae,  &c.,  for  the  use  of  Matriculation 
students,  who,  after  reading,  require  to  remember  accurately 
and  thoroughly  the  Propositions,  Theorems,  &c.,  they  have 
read. 

Each  section  should  be  revised  frequently,  and  the  book 
being  so  small,  can  easily  be  carried  in  one’s  pocket  and  used 
whenever,  amidst  other  work,  there  may  be  a  few  minutes' 
leisure.  By  using  the  book  daily  in  this  way,  the  student 
will  soon  thoroughly  know  the  skeleton  of  his  work,  and 
then  in  his  later  revisions  will  be  able,  with  his  additional 
information,  to  clothe  it. 


ARTHUR  G.  MADGE,  B.A., 
Endowed  School, 

Watford,  Herts. 
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SECTION  I. 

ALGEBRA. 


1. 


(a)  ( a  +  b )2 

(fi)  («  -  6) 

(y)  (a  +  &)  (ct-b) 


a2  4-  '2ab  +  62. 
a2  -  lab  +  62. 


a2  -  h 2. 

a3  +  3a26  +  3a62  +  63. 
a3  -  3a26  +  3a62  -  63. 
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(a  +  by 
(a  -  by 


3.  To  square  a  trinomial  such  as  (a  +  b  -  c),  treat  (a  +  b) 
as  one  term,  and  then  square  as  in  (1)  (3. 

(a  +  b  -  c)2  —  {(a  +  b)  -  c}2  =  a2  +  ‘lab  +  b2  -  lac  -  26c  4-  c2. 

4.  To  square  a  quantity  with  four  terms  as  (a  +  6  -  c  +  d), 
bracket  so  as  to  reduce  it  to  form  of  (1)  /?. 

(a  +  b  -  c  +  cl)2  =  {(a  +  b)  -  (c  -  d)}2  = 


a2  4  lab  +b2  —  1  (ac  +  bc-  ad  -  bd)  +  c2  -  led  +  d2. 


5.  Let  n  be  any  whole  number,  then 

/  v  an  -f  bn  is  divisible  by  a  +  b  when  n  is  odd. 

[CLjTl.  -tfi  7 

v  7  a  +  b  if  a  -  b  never. 

( 0/71  ~  *s  divisible  by  a  +  b  when  n  is  even. 

'P'  an  -bn  ii  a  -  b  always. 

6.  When  an  —  bn  is  divided  by  a  — b,  all  terms  of 


quotient  will  be  +  as  - - —  =  a3  +  a2b  4-  a62  +  63. 

a-b 


7.  When  an  -  bn  is  divided  by  a  +  b,  then  the  terms 
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8.  a°  =  1 . 

9.  Let  x2  +px  +  q  =  o  be  taken  as  type  of  quadratic  equation, 
then  (a)  a  quadratic  equation  has  two  roots  and  only  two. 

( b )  the  roots  of  the  equation  are  : — 


i. 


li. 


-p.+ 
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\/(?  -  *) 
-i -Ai-  *) 


iii.  The  sum  of  the  roots  =  coefficient  of  second 

term  with  sign  changed. 

iv.  The  product  of  the  roots  =  the  last  term. 

10.  The  equation  to  x2  +px  +  q  =  0  has  its  roots. 

(a)  real  and  different  when  p2  is  greater  than  4^/. 

(b)  real  and  equal  when  p2  is  equal  to  4 q. 

(c)  impossible  and  different  when  p2  is  less  than  4 q. 

11.  Arith.  Prog. 

s  =  sum  of  terms,  n  =  number  of  terms,  a  =  first  term, 
d  —  common  difference,  l  =  last  term. 

Then  (a)  l  =  a  +  (n  -  1  )d 

08)«  =  £  (a  +  l) 

substituting  value  of  l  in  (/?)  s  =  ~  {2a+  (n  -  1)^7} 

A 

12.  Geom.  Prog. 

s  =  sum  of  terms,  a  =  first  term,  r  =  constant  factor, 
n  =  number  of  terms. 

Then  i.  nth  term  =  arn~x 

a  (rn  -  1 )  a  ( 1  -  rn) 

li.  s  =  — ^ - —a  or  —A - 

r  -  l  1  -  r 

iii.  To  sum  a  series  of  terms  to  infinity 

a 


s  — 


1  -  r 


a  +  b 


13.  The  Arith.  mean  between  a  and  b  is 

A 

ir  Geom.  ii  J  ab 
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SECTION  II. 

ARITHMETIC. 

1.  Abstract  numbers  are  numbers  in  general,  "and  have 
no  reference  to  one  thing  more  than  another,  as  9,  11. 

2.  Concrete  numbers  are  applied  to  some  particular 
object,  as  9  cows,  11  horses. 

3.  A  prime  number  is  one  that  can  only  be  divided  by 
itself  and  unity  without  a  remainder ;  and  numbers  are 
prime  to  each  other  when  no  number  but  unity  will  divide 
them  without  a  remainder. 

4.  Composite  numbers  are  such  as  are  produced  by  the 
multiplication  of  two  or  more  prime  numbers. 

5.  To  multiply  by  5,  25,  125,  625, 

(a)  To  multiply  by  5  add  1  cypher  to  the  number  and  -=-  by  2 

(b)  n  25  m  2  cyphers  »»  -f-  u  4 

(c)  u  125  ii  3  n  n  -f-  u  8 

(d)  n  625  n  4  a  n  t  n  16 

Similar  rules  can  be  found  to  multiply  by  1*25,  62*5, 

333J,  &c. 

6.  To  divide  by  25,  125,  <fec. 

(а)  25  Multiply  by  4  and  cut  off  2  figures  as  decimals. 

(б)  125  „  8  „  3 

(c)  625  „  16  ,i  4 

7.  To  multiply  by  99,  999,  &c. 

(а)  By  99  annex  two  cyphers  to  the  multiplicand  and 
subtract  the  original  multiplicand  from  it. 

(б)  By  999  annex  three  cyphers  to  the  multiplicand  and 
subtract  the  original  multiplicand  from  it. 

8.  To  square  numbers  use  formula  ( a  +  b)2  =  a2  4-  2 ah  +  b2 
thus:  (907)2  =  (900  +  7)2  =  810000  +  12600  +  49  =  822649. 
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9  If  two  numbers  are  to  be  multiplied  together  which 
are  respectively  the  sum  and  difference  of  two  numbers, 
it  is  advantageous  to  use  formula  (a  +  b)  (a  -  b)  =  a2  -  b2 
thus:  287  x  313  =  (300-  13)  (300  +  13)  =  90000  -  169  = 
89831. 


1 0.  Any  number  is  divisible  by  2  without  remainder  if  its 

last  figure  is  divisible  by  2. 

Any  number  is  divisible  by  4  without  remainder  if  its 
last  2  figures  are  divisible  by  4. 

Any  number  is  divisible  by  8  without  remainder  if  its 
last  3  figures  are  divisible  by  8. 

11.  Any  number  is  divisible  by  5  without  remainder  if 

its  last  figure  is  divisible  by  5. 

Any  number  is  divisible  by  25  without  remainder  if 
its  last  2  figures  are  divisible  by  25. 

Any  number  is  divisible  by  125  wdthout  remainder  if 
its  last  3  figures  are  divisible  by  125. 

12.  Any  number  is  divisible  by  9  if  the  sum  of  its  figures 

be  divisible  by  9. 

13.  The  tables  of  weights  and  measures  should  be  known 
thoroughly.  The  following  are  often  useful : — 

1  lb.  Avoirdupois  =  7000  grains  Troy. 

=  5760 

=  1  fathom. 

=  1  chain. 

=  1  chain. 

=  1  hand  (used  in  measuring  horses). 

14.  Rule  for  greatest  common  measure  : — 

(a)  For  two  numbers : — Divide  the  greater  by  the  less, 
the  divisor  by  the  remainder,  and  so  on  until  nothing 
remains.  The  last  divisor  is  the  G.C.M. 

(b)  For  more  than  two  numbers  : — Find  the  G.C.M.  of 
any  two  of  them ;  then  of  this  common  measure  and  a  third 
number;  then  of  this  last  found  common  measure  and  a 


(a)  1  lb.  Troy 

( b )  6  feet 

(c)  100  links 

( d )  22  yards 

( e )  4  inches 
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fourth,  &c.  The  last  common  measure  found  will  be  the 
G.C.M.  of  all  the  numbers. 

1 5.  In  least  common  multiple : — It  is  best  in  dividing  the 
numbers  to  begin  with  2,  and  to  repeat  this  as  often  as 
possible,  and  then  to  divide  by  the  other  prime  numbers  in 
a  similar  w^ay. 

16.  Decimals. 

(1)  To  multiply  a  decimal  by  10,  100,  1000,  &c.,  we 
remove  the  decimal  point  1,  2,  3,  places  to  the  right. 

(2)  To  divide  a  decimal  by  10,  100,  1000,  we  remove  the 
decimal  point  1.  2.  3.  places  to  the  left. 

(3)  Hule  for  division  of  decimals: — Divide  as  in  integers, 
annexing  as  many  cyphers  to  the  dividend  as  may  be  thought 
necessary ;  then  point  off  from  the  right  of  the  quotient  as 
many  decimal  places  as  the  dividend  has  more  than  the 
divisor,  making  up  any  deficiency  by  prefixing  cyphers. 

(4)  Recurring  Decimals. 

(a)  If  the  denominator  of  a  vulgar  fraction  in  its  lowest 
terms  be  composed  of  2  and  5,  or  of  one  of  them,  or  of  powTers 
of  2  and  5,  or  one  of  them,  then  it  can  be  brought  out  to  a 
finite  or  terminating  decimal.  If  this  be  not  the  case  then 
the  division  of  the  numerator  by  the  denominator  will  never 
terminate,  and  a  decimal  of  this  kind  is  called  recurring  or 
circulating. 

( b )  To  convert  a  repeating  decimal  to  a  vulgar  fraction. 

Rule. — -For  the  numerator  taken  the  given  decimal,  minus 

the  non-repeating  part,  and  for  the  denominator  put  down 
as  many  9’s  as  there  are  figures  in  the  repeating  part, 
followed  by  as  many  cyphers  as  there  are  figures  in  the  non¬ 
repeating  part. 

(c)  Addition  and  subtraction  of  repeating  decimals. 

Rule. — Arrange  as  in  terminating  decimals,  carry  on  the 

repeating  part  to  two  or  three  more  places  than  the  number 
required,  taking  care  that  the  last  figure  retained  in  the 
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answer  be  increased  by  one  if  the  succeeding  figure  be  five 
or  more. 

(d)  Multiplication  and  division  of  repeating  decimals. 

Rule. — Convert  the  decimals  to  vulgar  fractions,  multiply 
or  divide  in  the  ordinary  way,  and  then,  if  necessary,  reduce 
the  result  again  to  a  decimal. 

17.  The  square  root  of  a  number  is  a  number  which 
multiplied  by  itself  will  give  the  given  number. 

1 8.  Buie  for  Pointing.  Point  off  the  number  into  periods, 
of  two  figures  each,  beginning  at  the  right  if  a  whole 
number,  and  at  the  left  if  a  decimal.  If  one  figure  remains 
over  at  the  left  in  integers  it  is  considered  a  period,  but  if 
one  remains  over  at  the  right  in  decimals,  a  cypher  is  added 
to  complete  the  period. 

19.  It  is  of  advantage  to  recognise  the  squares  of  the 
following  numbers  at  sight : — 


132  = 

169. 

182  =  324. 

II 

<N 

CO 

CM 

529. 

142  = 

196. 

192  =  361. 

242  = 

576. 

152  = 

225. 

202  =  400. 

252  = 

625. 

162  = 

256. 

212  =  441. 

262  = 

676. 

IT2  = 

289. 

222  =  484. 

272  = 

729. 

282  = 

784. 

292  = 

841. 

SECTION 

I  I  I. 

EUCLID. 

A.  General  Explanations  : — 

1.  A  Proposition  in  Euclid  is  something  required  to  be 

done  or  to  be  proved. 

2.  A  Problem  proposes  something  to  be  done. 
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3.  A  Theorem  makes  a  statement,  the  truth  of  which 

it  is  proposed  to  demonstrate. 

4.  A  Postulate  is  a  problem  so  simple  that  the 

possibility  of  doing  it  is  self-evident  and  requires 
no  proof. 

5.  An  Axiom  is  a  theorem,  the  truth  of  which  is 

admitted  without  proof. 

6.  A  Corollary  is  an  inference  which  rises  immediately 

from  the  discussion  of  the  proposition  to  which 
it  is  affixed. 


Book  I. 

Prop.  1.  Problem. — To  describe  an  equilateral  triangle 
upon  a  given  finite  straight  line.  (Befs. :  Def.  15;  ax.  1; 
posts.  1,  3.) 

Prop.  2.  Problem. — From  a  given  point  to  draw  a 
straight  line  equal  to  a  given  straight  line.  (Refs. :  Prop.  1 ; 
posts.  1,  2,  3;  ax.  1,  3;  def.  15.) 

Prop.  3.  Problem. — From  the  greater  of  two  given 
straight  lines  to  cut  off  a  part  equal  to  the  less.  (Refs. : 
Prop.  2  ;  post.  3 ;  ax.  1  ;  def.  15.) 

Prop.  4.  Theorem. — If  two  triangles  have  two  sides  of 
the  one  equal  to  two  sides  of  the  other,  each  to  each,  and 
have  likewise  the  angles  contained  by  those  sides  equal  to 
one  another,  they  shall  have  their  bases  or  third  sides  equal, 
the  two  triangles  shall  be  equal,  and  their  other  angles 
shall  be  equal,  each  to  each,  viz.,  those  to  which  the  equal 
sides  are  opposite.  (Refs.:  Axs.  8,  10.) 

Prop.  5.  Theorem. — The  angles  at  the  base  of  an  isosceles 
triangle  are  equal  to  one  another ;  and  if  the  equal  sides  be 
produced,  the  angles  upon  the  other  side  of  the  base  shall 
also  be  equal.  (Refs.:  Props.  3,  4;  ax.  3.) 

Corollary. —  Hence  every  equilateral  triangle  is  also  equi¬ 
angular. 
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Prop.  6.  Theorem. — If  two  angles  of  a  triangle  be  equa 
to  one  another,  the  sides  also  which  subtend,  or  are  opposite 
to  the  equal  angles,  shall  be  equal  to  one  another.  (Refs. : 
Props.  3,  4.) 

Corollary . — Hence  every  equiangular  triangle  is  also  equi¬ 
lateral. 

Prop.  7.  Theorem. — Upon  the  same  base  and  upon  the 
same  side  of  it  there  cannot  be  two  triangles  which  have 
their  sides,  which  are  terminated  in  one  extremity  of  the 
base,  equal  to  one  another,  and  likewise  those  which  are 
terminated  in  the  other  extremity.  (Refs. :  Prop.  5  ;  ax.  9. ) 

Prop.  8.  Theorem. — If  two  triangles  have  two  sides  of 
the  one  equal  to  two  sides  of  the  other,  each  to  each,  and 
have  likewise  their  bases  equal,  the  angle  which  is  contained 
by  the  two  sides  of  the  one  shall  be  equal  to  the  angle  con¬ 
tained  by  the  two  sides  equal  to  them  of  the  other.  (Refs. : 
Prop.  7 ;  ax.  8.) 

Prop.  9.  Problem. — To  bisect  a  given  rectilineal  angle, 
that  is,  to  divide  it  into  two  equal  parts.  (Refs.:  Props.  1, 
3,  8.) 

Prop.  10.  Problem. — To  bisect  a  given  finite  straight 
line,  that  is,  to  divide  it  into  two  equal  parts.  (Refs. : 
Props.  1,  4,  9.) 

Prop.  11.  Problem. — To  draw  a  straight  line  at  right 
angles  to  a  given  straight  line  from  a  given  point  in  the 
same.  (Refs.:  Props.  1,  3,  8  ;  ax.  1 ;  def.  10.) 

Corollary. — Two  straight  lines  cannot  have  a  common 
segment. 

Prop.  12.  Problem. — To  draw  a  straight  line  perpen¬ 
dicular  to  a  given  straight  line  of  unlimited  length  from  a 
given  point  without  it.  (Refs.:  Props.  8,  10;  post.  3;  defs. 
10,  15.) 

Prop.  13.  Theorem. — The  angles  which  one  straight  line 
makes  with  another  upon  one  side  of  it  are  either  two  right 
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angles,  or  are  together  equal  to  two  right  angles.  (Refs. : 
Prop.  11;  axs.  1,  2;  clef.  10.) 

Prop.  14.  Theorem. — If,  at  a  point  in  a  straight  line,  two 
other  straight  lines  upon  the  opposite  sides  of  it  make  the 
adjacent  angles  equal  together  to  two  right  angles,  these 
two  straight  lines  shall  be  in  one  and  the  same  straight  line. 
(Refs.:  Prop.  13;  axs.  1,  3.) 

Prop.  15.  Theorem. — If  two  straight  lines  cut  one 
another,  the  vertical  or  opposite  angles  shall  be  equal. 
(Refs.:  Prop.  13;  axs.  1,  3.) 

Corollary  /. — If  two  straight  lines  cut  one  another,  the 
angles  which  they  make  at  the  point  where  they  cut  are 
together  equal  to  four  right  angles. 

Corollary  II. — And,  consequently,  that  all  the  angles 
made  by  any  number  of  lines  meeting  in  one  point  are 
together  equal  to  four  right  angles. 

Prop.  16.  Theorem. — If  one  side  of  a  triangle  be  pro¬ 
duced,  the  exterior  angle  shall .  be  greater  than  either  of 
the  interior  opposite  angles.  (Refs.:  Props.  3,  4,  10,  15; 
ax.  9.) 

Prop.  17.  Theorem. — Any  two  angles  of  a  triangle  are 
together  less  than  two  right  angles.  (Refs.:  Props.  13, 
16;  ax.  4. ) 

Prop.  18.  Theorem. — The  greater  side  of  every  triangle 
is  opposite  the  greater  angle.  (Refs.:  Props.  3,  5,  16.) 

Prop.  19.  Theorem. — The  greater  angle  of  every  triangle 
is  subtended  by  the  greater  side,  or  has  the  greater  side 
opposite  to  it.  (Refs.:  Props.  5,  18.) 

Prop.  20.  Theorem. — Any  two  sides  of  a  triangle  are 
together  greater  than  the  third  side.  (Refs. :  Props.  3,  5, 
19 ;  ax.  9.) 

Prop.  21.  Theorem. — If  from  the  ends  of  the  side  of  a 
triangle  there  be  drawn  two  straight  lines  to  a  point 
within  the  triangle,  these  shall  be  less  than  the  other 
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two  sides  of  the  triangle,  but  shall  contain  a  greater 
angle.  (Refs.:  Props.  16,  20;  ax.  4.) 

Prop.  22.  Problem. — To  make  a  triangle  of  which  the 
sides  shall  be  equal  to  three  given  straight  lines,  but 
any  two  whatever  of  these  lines  must  be  greater  than 
the  third.  (Refs.:  Prop.  3;  post.  3;  ax.  1;  def.  15.) 

Prop.  23.  Problem.  —  At  a  given  point  in  a  given 
straight  line,  to  make  a  rectilineal  angle  equal  to  a  given 
rectilineal  angle.  (Refs.:  Props.  8,  22.) 

Prop.  24.  Theorem. — If  two  triangles  have  two  sides 
of  the  one  equal  to  two  sides  of  the  other,  each  to  each, 
but  the  angle  contained  by  the  two  sides  of  one  of  them 
greater  than  the  angle  contained  by  the  two  sides  equal 
to  them  of  the  other,  the  base  of  that  which  has  the 
greater  angle  shall  be  greater  than  the  base  of  the  other. 
(Refs.:  Props.  3,  4,  5,  19,  23  ;  ax.  9.) 

Prop.  25.  Theorem. — If  two  triangles  have  two  sides 
of  the  one  equal  to  two  sides  of  the  other,  each  to  each, 
but  the  base  of  the  one  greater  than  the  base  of  the 
other,  the  angle  contained  by  the  sides  of  that  which  has 
the  greater  base  shall  be  greater  than  the  angle  con¬ 
tained  by  the  sides  equal  to  them  of  the  other.  (Refs. : 
Props.  4,  24.) 

Prop.  26.  Theorem. — If  two  triangles  have  two  angles 
of  the  one  equal  to  two  angles  of  the  other,  each  to  each, 
and  one  side  equal  to  one  side,  viz.,  either  the  side 
adjacent  to  the  equal  angles  in  each,  or  the  side  opposite 
to  them ;  then  shall  the  other  sides  be  equal,  each  to 
each,  and  also  the  third  angle  of  the  one  equal  to  the 
third  angle  of  the  other.  (Refs.:  Props.  3,  4,  16;  ax.  1.) 

Prop.  27.  Theorem. — If  a  straight  line  falling  upon 
two  other  straight  lines  makes  the  alternate  angles  equal 
to  one  another,  these  two  straight  lines  shall  be  parallel. 
(Refs.:  Prop.  16;  def.  34.) 
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Prop.  28.  Theorem.— If  a  straight  line  falling  upon  two 
other  straight  lines  make  the  exterior  angle  equal  to  the 
interior  and  opposite,  upon  the  same  side  of  the  line,  or  make 
the  interior  angles  upon  the  same  side  together  equal  to  two 
right  angles,  the  two  straight  lines  shall  be  parallel  to  one 
another.  (Refs.:  Props.  13,  15,  27  ;  axs.  1,  3.) 

Prop.  29.  Theorem. — If  a  straight  line  fall  upon  two 
parallel  straight  lines,  it  makes  the  alternate  angles  equal 
to  one  another,  the  exterior  angle  equal  to  the  interior 
and  opposite  upon  the  same  side ;  and  also  the  two  in¬ 
terior  angles  upon  the  same  side  equal  to  two  right 
angles.  (Refs.:  Props.  13,  15;  axs.  1,  2,  4,  12.) 

Prop.  30.  Theorem.- — Straight  lines  which  are  parallel 
to  the  same  straight  line  are  parallel  to  one  another. 
(Refs.:  Props.  27,  29;  ax.  1.) 

Prop.  31.  Problem. — To  draw  a  straight  line  through 
a  given  point,  parallel  to  a  given  straight  line.  (Refs. : 
Props.  23,  27.) 

Prop.  32.  Theorem. — If  a  side  of  any  triangle  be  pro¬ 
duced,  the  exterior  angle  is  equal  to  the  two  interior  and 
opposite  angles ;  and  the  three  interior  angles  of  every 
triangle  are  equal  to  two  right  angles.  (Refs.:  Props.  13, 
29,  31  ;  axs.  1,  2.) 

Corollary  /. — All  the  interior  angles  of  any  rectilineal 
figure,  together  with  four  right  angles,  are  equal  to 
twice  as  many  right  angles  as  the  figure  'has  sides. 
(Refs.:  Prop.  15;  cor.  II.) 

Corollary  II. — All  the  exterior  angles  of  any  rectilineal 
figure  are  together  equal  to  four  right  angles.  (Refs. : 
Props.  13,  32  ;  cor.  I. ;  axs.  1,  3.) 

Prop.  33.  Theorem. — The  straight  lines  which  join  the 
extremities  of  two  equal  and  parallel  straight  lines  towards 
the  same  parts,  are  also  themselves  equal  and  parallel. 
(Refs. :  Props.  4,  27,  29.) 
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Prop.  34.  Theorem. — The  opposite  sides  and  angles  of 
a  parallelogram  are  equal  to  one  another,  and  the  diagonal 
bisects  it,  that  is,  divides  it  into  two  equal  parts.  (Refs. : 
Props.  26,  29 ;  ax.  2.) 

Prop.  35.  Theorem.  —  Parallelograms  upon  the  same 
base  and  between  the  same  parallels  are  equal  to  one 
another.  (Refs.:  Props.  4,  29,  34;  axs.  1,  2,  3,  6.) 

Prop.  36.  Theorem.  —  Parallelograms  upon  equal  bases 
and  between  the  same  parallels  are  equal  to  one  another. 
(Refs.:  Props.  33,  34,  35;  ax.  1.) 

Prop.  37.  Theorem. — Triangles  upon  the  same  base 
and  between  the  same  parallels  are  equal  to  one  another. 
(Refs. :  Props.  31,  34,  35  ;  ax.  7.) 

Prop.  38.  Theorem. — Triangles  upon  equal  bases  and 
between  the  same  parallels  are  equal  to  one  another. 
(Refs.:  Props.  31,  34,  36  ;  ax.  7.) 

Prop.  39.  Theorem. — Equal  triangles  upon  the  same 
base  and  on  the  same  side  of  it  are  between  the  same 
parallels.  (Refs.:  Props.  31,  37  ;  ax.  1.) 

Prop.  40.  Theorem. — Equal  triangles  upon  the  same  side 
of  equal  bases  that  are  in  the  same  straight  line  are  between 
the  same  parallels.  (Refs.:  Props.  31,  38;  ax.  1.) 

Prop.  41.  Theorem. — If  a  parallelogram  and  a  triangle 
be  upon  the  same  base  and  between  the  same  parallels, 
the  parallelogram  shall  be  double  of  the  triangle.  (Refs. : 
Props.  34,  37  ;  ax.  1.) 

Prop.  42.  Problem. — To  describe  a  parallelogram  that 
shall  be  equal  to  a  given  triangle,  and  have  one  of  its 
angles  equal  to  a  given  rectilineal  angle.  (Refs. :  Props. 
10,  23,  31,  38,  41  ;  ax.  6;  def.  35.) 

Prop.  43.  Theorem. — The  complements  of  the  parallelo¬ 
grams  which  are  about  the  diagonal  of  any  parallelogram 
are  equal  to  one  another.  (Refs. :  Prop.  34  ;  axs.  2,  3.) 

Prop.  44.  Problem. — To  a  given  straight  line,  to  apply 
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a  parallelogram  which  shall  be  equal  to  a  given  triangle, 
and  have  one  of  its  angles  equal  to  a  given  rectilineal 
angle.  (Refs.:  Props.  15,  29,  31,  42,  43;  axs.  1,  9,  12.) 

Prop.  45.  Problem. — To  describe  a  parallelogram  equal 
to  a  given  rectilineal  figure,  and  having  an  angle  equal 
to  a  given  rectilineal  angle.  (Refs.:  Props.  14,  29,  30, 
42,  44;  axs.  1,  2;  def.  35.) 

Prop.  46.  Problem. — To  describe  a  square  upon  a  given 
straight  line.  (Refs.:  Props.  3,  11,  29,  31,  34;  axs.  1, 
3 ;  def.  30.) 

Prop.  47.  Theorem. — In  any  right-angled  triangle,  the 
square  which  is  described  upon  the  side  opposite  the  right 
angle,  is  equal  to  squares  described  upon  the  sides  which 
contain  the  right  angle.  (Refs.:  Props.  4,  14,  31,  41,  46  ; 
axs.  2,  6,  11  ;  def.  30.) 

Prop.  48.  Theorem. — If  the  square  described  upon  one 
of  the  sides  of  a  triangle  be  equal  to  the  squares  described 
upon  the  other  two  sides  of  it,  the  angle  contained  by 
these  two  sides  is  a  right  angle.  (Refs. :  Props.  3,  8, 
11,  47  ;  axs.  1,  2.) 

Book  II. 

Prop.  1.  Theorem. — If  there  be  two  straight  lines,  one 
of  which  is  divided  into  any  number  of  parts,  the  rectangle 
contained  by  the  two  straight  lines  is  equal  to  rectangles 
contained  by  the  undivided  line  and  the  several  parts  of  the 
divided  line.  (Refs.:  Props.  I.,  3,  11,  31,  34.) 

Prop.  2.  Theorem. — If  a  straight  line  be  divided  into  any 
two  parts,  the  rectangles  contained  by  the  whole  and  each 
of  the  parts  are  together  equal  to  the  square  on  the  whole 
line.  (Refs.:  I.,  46,  31.) 

Prop.  3.  Theorem. — If  a  straight  line  be  divided  into  any 
two  parts,  the  rectangle  contained  by  the  whole  and  one  of 
the  parts  is  equal  to  the  rectangle  contained  by  the  two 
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parts,  together  with  the  square  on  the  aforesaid  part.  (Refs. : 

1.,  46,  31.) 

Prop.  4.  Theorem. — If  a  straight  line  be  divided  into  any 
two  parts,  the  square  on  the  whole  line  is  equal  to  the 
squares  on  the  two  parts,  together  with  twice  the  rectangle 
contained  by  the  two  parts.  (Refs.:  I.,  46,  31,  29,  5,  6, 
34,  43;  axs.  1,  3;  def.  30.) 

Prop.  5.  Theorem. — If  a  straight  line  be  divided  into  two 
equal  parts  and  also  into  two  unequal  parts,  the  rectangle 
contained  by  the  unequal  parts,  together  with  the  square  on 
the  line  between  the  points  of  section,  is  equal  to  the  square 
on  half  the  line.  (Refs.  :  I.,  46,  31,  43,  36,  34  ;  axs.  1,  2  ; 

11.,  4,  cor.) 

Prop.  6.  Theorem. — If  a  straight  line  be  bisected  and 
produced  to  any  point,  the  rectangle  contained  by  the  whole 
line  thus  produced  and  the  part  of  it  produced,  together 
with  the  square  on  half  the  line  bisected,  is  equal  to  the 
square  on  the  straight  line  which  is  made  up  of  the  half  and 
the  part  produced.  (Refs.:  I.,  46,  31,  36,  43,  34;  axs.  1,  2  : 

II.,  4,  cor.) 

Prop.  7.  Theorem. — If  a  straight  line  be  divided  into  any 
two  parts,  the  squares  on  the  whole  line  and  on  one  of  the 
parts  are  equal  to  twice  the  rectangle  contained  by  the 
whole  and  that  part,  together  witli  the  square  on  the  other 
part.  (Refs.  :  I.,  43,  34 ;  II.,  4,  cor.) 

Prop.  8.  Theorem. — If  a  straight  line  be  divided  into  any 
two  parts,  four  times  the  rectangle  contained  by  the  whole 
line  and  one  of  the  parts,  together  w  ith  the  square  on  the 
other  part,  is  equal  to  the  square  on  the  straight  line  w  hich 
is  made  up  of  the  whole  and  that  part.  (Refs. :  I.,  3,  34, 
36,  43 ;  ax.  1  ;  post.  2  ;  II.,  4,  cor.) 

Prop.  9.  Theorem. — If  a  straight  line  be  divided  into  tw  o 
equal  and  also  into  twro  unequal  parts,  the  squares  on  the 
two  unequal  parts  are  together  double  of  the  square  on  half 
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the  line  and  of  the  square  between  the  points  of  section. 
(Refs.:  I.,  11,  3,  31,  5,  32,  29,  6,  34,  47.) 

Prop.  10.  Theorem. — If  a  straight  line  be  bisected  and 
produced  to  any  point,  the  square  on  the  whole  line  thus 
produced  and  the  square  on  the  part  of  it  produced  are 
together  double  of  the  square  on  half  the  line  bisected  and 
of  the  square  on  the  line  made  up  of  the  half  and  the  part 
produced.  (Refs.:  I.,  11,  3,  31,  29,  12,  5,  15,  32,  6,  34, 
47  ;  ax.  12.) 

Prop.  11.  Problem. — To  divide  a  given  straight  line  into 
two  parts,  so  that  the  rectangle  contained  by  the  whole  and 
one  of  the  parts  may  be  equal  to  the  square  on  the  other 
part.  (Refs.  :  I.,  46,  10,  3,  47  ;  ax.  3  ;  II.,  6.) 

Prop.  12.  Theorem. — In  obtuse  angle  triangles,  if  a 
perpendicular  be  drawn  from  either  of  the  acute  angles  to 
the  opposite  side  produced,  the  square  on  the  side  sub¬ 
tending  the  obtuse  angle  is  greater  than  the  squares  on  the 
sides  containing  the  obtuse  angle  by  twice  the  rectangle 
contained  by  the  side  on  which,  when  produced,  the  per¬ 
pendicular  falls,  and  the  straight  line  intercepted  without 
the  triangle,  between  the  perpendicular  and  the  obtuse 
angle.  (Refs.  :  I.,  47 ;  ax.  2  ;  II.,  4.) 

Prop.  13.  Theorem. — In  every  triangle,  the  square  on 
the  side  subtending  an  acute  angle  is  less  than  the  squares 
on  the  sides  containing  that  angle  by  twice  the  rectangle 
contained  by  either  of  these  sides,  and  the  straight  line 
intercepted  between  the  perpendicular  let  fall  on  it  from 
the  opposite  angle  and  the  acute  angle.  (Refs.:  I.,  47,  16  ; 
ax.  2;  II.,  7,  12,  3.) 

Prop.  14.  Problem. — To  describe  a  square  that  shall  be 
equal  to  a  given  rectilineal  figure.  (Refs.:  I.,  45,  3,  47,  10; 
ax.  3;  II.,  5). 
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Book  III. 

Prop.  1.  Problem. — To  find  the  centre  of  a  given  circle 
(Kefs.  :  I.,  10,  11,  8;  ax.  11  ;  defs.  10,  15.) 

Corollary . — From  this  it  is  manifest,  that  if  in  a  circle  a 
straight  line  bisect  another  at  right  angles,  the  centre  of 
the  circle  is  in  the  straight  line  which  bisects  the  other. 

Prop.  2.  Theorem. — If  any  two  points  be  taken  in  the 
circumference  of  a  circle,  the  straight  line  which  joins  them 
shall  fall  within  the  circle.  (Refs.:  I.,  5,  16,  19;  def.  15; 
III.,  1.) 

Prop.  3.  Theorem. — If  a  straight  line  drawn  through  the 
centre  of  a  circle  bisect  a  straight  line  in  it  which  does  not 
pass  through  the  centre,  it  shall  cut  it  at  right  angles  ;  and 
if  it  cut  it  at  right  angles,  it  shall  bisect  it.  (Refs. :  I.,  5, 
8,  26;  defs.  10,15;  III,  1.) 

Prop.  4.  Theorem. — If  in  a  circle  two  straight  lines  cut 
one  another,  which  do  not  both  pass  through  the  centre, 
they  do  not  bisect  one  another.  (Refs. :  Ax.  11  ;  III,  1,  3.) 

Prop.  5.  Theorem. — If  two  circles  cut  one  another,  they 
shall  not  have  the  same  centre.  (Refs.:  Ax.  1  ;  def.  15.) 

Prop.  6.  Theorem. — If  two  circles  touch  one  another 
internally,  they  shall  not  have  the  same  centre.  (Refs. : 
Ax.  1  ;  def.  15.) 

Prop.  7.  Theorem. — If  any  point  be  taken  in  the 
diameter  of  a  circle  which  is  not  the  centre  of  all  the 
straight  lines  which  can  be  drawn  from  this  point  to  the 
circumference,  the  greatest  is  that  in  which  the  centre  is, 
and  the  other  part  of  the  diameter  is  the  least ;  and,  of  any 
others,  that  which  is  nearer  to  the  straight  line  which  passes 
through  the  centre  is  always  greater  than  one  more  remote  ; 
and  from  the  same  point  there  can  be  drawn  to  the  circum¬ 
ference  two  straight  lines,  and  only  two,  which  are  equal  to 
one  another,  one  on  each  side  of  the  shortest  line.  (Refs.: 
I,  20,  24,  23,  4;  ax.  1  ;  def.  15.) 
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Prop.  8.  Theorem. — If  any  point  be  taken  without  a 
circle,  and  straight  lines  be  drawn  from  it  to  the  circum¬ 
ference,  one  of  which  passes  through  the  centre ;  of  those 
which  fall  on  the  concave  circumference,  the  greatest  is 
that  which  passes  through  the  centre ;  and  of  the  rest,  that 
which  is  nearer  to  the  one  passing  through  the  centre  is 
always  greater  than  one  more  remote ;  but  of  those  which 
fall  on  the  convex  circumference,  the  least  is  that  between 
the  point  without  the  circle  and  the  diameter;  and  of  the  rest, 
that  which  is  nearer  to  the  least  is  always  less  than  one 
more  remote ;  and  from  the  same  point  there  can  be  drawn 
to  the  circumference  two  straight  lines,  and  only  two,  which 
are  equal  to  one  another,  one  on  each  side  of  the  shortest 
line.  (Refs.:  I.,  20,  24,  23,  4,  21  ;  ax.  1  ;  def.  15  ;  III.,  1.) 

Prop.  9.  Theorem. — If  a  point  be  taken  within  a  circle, 
from  which  there  fall  more  than  two  equal  straight  lines  to  the 
circumference,  that  point  is  the  centre  of  the  circle. 
(Refs.:  III.,  7.) 

Prop.  10.  Theorem. — One  circumference  of  a  circle  can¬ 
not  cut  another  at  more  than  two  points.  (Refs. :  I.,  def. 
15;  III.,  1,  9,  5.) 

Prop.  11.  Theorem. — If  two  circles  touch  one  another 
internally,  the  straight  line  which  joins  their  centres,  being 
produced,  shall  pass  through  the  point  of  contact.  (Refs. : 
I.,  20 ;  def.  15.) 

Prop.  12.  Theorem. — If  two  circles  touch  one  another 
externally,  the  straight  line  which  joins  their  centres  shall 
pass  through  the  point  of  contact.  (Refs. :  I.,  20 ;  ax.  2  ; 
def.  15.) 

Prop.  13.  Theorem. — One  circle  cannot  touch  another  at 
more  points  than  one,  whether  it  touches  it  on  the  inside  or 
outside.  (Refs.:  I.,  10,  11;  III.,  2,  1,  11.) 

Prop.  14.  Theorem. — Equal  straight  lines  in  a  circle  are 
equally  distant  from  the  centre,  and  those  which  are 
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equally  distant  from  the  centre  are  equal  to  one  another. 
(Refs.:  I.,  12,  47;  axs.  1,  3,  6,  7;  def.  15;  III.,  1,  3;  def.  4.) 

Prop.  15.  Theorem. — The  diameter  is  the  greatest 
straight  line  in  a  circle ;  and,  of  all  others,  that  which  is 
nearer  to  the  centre  is  always  greater  than  one  more 
remote  ;  and  the  greater  is  nearer  to  the  centre  than  the 
less.  (Refs.:  I.,  12,  20;  ax.  2;  def.  15;  III.,  def.  5.) 

Prop.  16.  Theorem. — The  straight  line  drawn  at  right 
angles  to  the  diameter  of  a  circle  from  the  extremity  of  it, 
falls  without  the  circle ;  and  no  straight  line  can  be  drawn 
from  the  extremity,  between  that  straight  line  and  the 
circumference,  so  as  not  to  cut  the  circle.  (Refs.:  I.,  5,  17, 
12,  19;  def.  15.) 

Corollary. — The  straight  line  drawm  at  right  angles  to 
the  diameter  of  a  circle  from  the  extremity  of  it  touches 
the  circle.  (Refs.:  IIP,  def.  2;  IIP,  2.) 

Prop.  17.  Problem. — To  draw  a  straight  line  from  a 
given  point,  either  without  or  in  the  circumference,  which 
shall  touch  a  given  circle.  (Refs.:  I.,  11,  4;  ax.  1;  def.  15; 
IIP,  1  and  16  cor.) 

Prop.  18.  Theorem. — If  a  straight  line  touch  a  circle,  the 
straight  line  drawn  from  the  centre  to  the  point  of  contact 
shall  be  perpendicular  to  the  line  touching  the  circle.  (Refs. : 
I.,  17,  19;  def.  15.) 

Prop.  19.  Theorem. — If  a  straight  line  touch  a  circle,  and 
from  the  point  of  contact  a  straight  line  be  drawn  at  right 
angles  to  the  touching  line,  the  centre  of  the  circle  shall  be 
in  that  line.  (Refs.:  Ax.  11;  IIP,  18.) 

Prop.  20.  Theorem. — The  angle  at  the  centre  of  a  circle 
is  double  of  the  angle  at  the  circumference  on  the  same  base, 
that  is  on  the  same  arc.  (Refs.:  I.,  5,  32.) 

Prop.  21.  Theorem. — The  angles  in  the  same  segment  o_ 
a  circle  are  equal  to  one  another.  (Refs. :  Axs.  2,  7 ;  IIP,  1,  20.) 

Prop.  22.  Theorem.  —  The  opposite  angles  of  any  quadri- 
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lateral  figure  inscribed  in  a  circle  are  together  equal  to  two 
right  angles.  (Refs. :  I.,  32  ;  ax.  2  ;  III.,  21.) 

Prop.  23.  Theorem. — On  the  same  straight  line  and  on 
the  same  side  of  it  there  cannot  be  two  similar  segments  of 
circles  not  coinciding  with  one  another.  (Refs. :  L,  16,  III., 
10;  def.  11. 

Prop.  24.  Theorem. — Similar  segments  of  circles  on  equal 
straight  lines  are  equal  to  one  another.  (Refs.:  III.,  23.) 

Prop.  25.  Problem. — A  segment  of  a  circle  being  given, 
to  describe  the  circle  of  vdiich  it  is  a  segment.  (Refs.  :  I.,  10, 

II,  6,  23,  4;  ax.  1;  III.,  9.) 

Prop.  26.  Theorem. — In  equal  circles,  equal  angles  stand 
on  equal  arcs,  whether  they  be  at  the  centres  or  circumfer¬ 
ences.  (Refs.:  I.,  4;  ax.  3;  III.,  24;  defs.  1  and  11.) 

Prop.  27.  Theorem. — In  equal  circles,  the  angles  which 
stand  on  equal  arcs  are  equal  to  one  another,  v7hether  they 
be  at  the  centres  or  circumferences.  (Refs. :  I.,  23;  axs.  7,  1 ; 

III. ,  20,  26.) 

Prop.  28.  Theorem. — In  equal  circles  equal  straight  lines 
cut  off  equal  arcs,  the  greater  equal  to  the  greater,  and  the 
less  equal  to  the  less.  (Refs.:  I.,  8;  ax.  3;  III.,  1,  26;  def.  1.) 

Prop.  29.  Theorem. — In  equal  circles,  equal  arcs  are  sub- 
tendedby  equal  straight  lines.  (Refs.:  I.,  4;  III.,  1,  27;  def.  1.) 

Prop.  30.  Prob. — To  bisect  a  given  arc,  that  is  to  divide  it 
into  two  equal  parts.  (Refs. :  I.,  10,  11,4;  III.,  1,  cor.  and  28.) 

Prop.  31.  Theorem. — In  a  circle  the  angle  in  a  semicircle 
is  a  right  angle;  but  the  angle  in  a  segment  greater  than  a 
semicircle  is  less  than  a  right*  angle;  and  the  angle  in  a 
segment  less  than  a  semicircle  is  greater  than  a  right  angle. 
(Refs.:  I,  5,  32,  17;  ax.  2;  defs.  15,  10;  III.,  22.) 

Corollary. — If  one  angle  of  a  triangle  equal  the  other  twro, 
it  is  a  right  angle.  (Refs. :  I.,  32,  and  def.  10.) 

Prop.  32.  Theorem. — If  a  straight  line  touch  a  circle  and 
from  the  point  of  contact  a  straight  line  be  drawn,  cutting 
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the  circle,  the  angles  which  this  line  makes  with  the  line 
touching  the  circle  shall  be  equal  to  the  angles  in  the 
alternate  segments  of  the  circle.  (Refs.:  I.,  11,  32,  13;  ax.  3; 
III.,  19,  31,  22.) 

Prop.  33.  Problem. — On  a  given  straight  line  to  describe 
a  segment  of  a  circle  containing  an  angle  equal  to  a  given 
rectilineal  angle.  (Refs.:  I.,  10,  11,  4,  23;  ax.  1;  def.  10; 
III.,  31,  16  cor.  and  32.) 

Prop.  34.  Problem. — From  a  given  circle  to  cut  off  a 
segment  containing  an  angle  equal  to  a  given  rectilineal 
angle.  (Refs.:  I.,  23;  ax.  1;  IIP,  17.  32.) 

Prop.  35.  Theorem. — If  two  straight  lines  cut  one 
another  within  a  circle,  the  rectangle  contained  by  the  seg¬ 
ments  of  one  of  them  shall  be  equal  to  the  rectangle  contained 
by  the  segments  of  the  other.  (Refs.:  I.,  12,  47;  axs.  1,  2, 
3;  II.,  5;  III.,  1,  3.) 

Prop.  36.  Theorem. — If  from  any  point  without  a  circle 
two  straight  lines  be  drawn,  one  of  which  cuts  the  circle  and 
the  other  touches  it,  the  rectangle  contained  by  the  whole 
line  which  cuts  the  circle  and  the  part  of  it  without  the  circle 
shall  be  equal  to  the  square  on  the  line  which  touches  it. 
(Refs.;  I.,  12,  47;  axs.  2,  3;  II.,  6;  III.,  18,  1,  3.) 

Prop.  37.  Theorem. — If  from  any  point  without  a  circle 
there  be  drawm  two  straight  lines,  one  of  which  cuts  the 
circle  and  the  other  meets  it,  and  if  the  rectangle  contained 
by  the  whole  line  which  cuts  the  circle,  and  the  part  of  it 
without  the  circle  be  equal  to  the  square  on  the  line  which 
meets  the  circle,  the  line  whtch  meets  the  circle  shall  touch 
it.  (Refs.:  I.,  8;  ax.  1;  def.  15;  III.,  17,  1,  18,  36,  and  16  cor.) 

Book  IV. 

Prop.  1.  Problem. — In  a  given  circle,  to  place  a  straight 
line  equal  to  a  given  straight  line,  which  is  not  greater  than 
the  diameter  of  the  circle.  (Refs.:  I.,  3;  ax.  1;  def.  15  ) 
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Prop.  2.  Problem. — In  a  given  circle,  to  inscribe  a  triangle 
equiangular  to  a  given  triangle.  (Kefs.:  I.,  23,  32;  ax.  11,  3, 
1 ;  III.,  7,  32.) 

Prop.  3.  Problem. — About  a  given  circle,  to  describe  a 
triangle  equiangular  to  a  given  triangle.  (Refs.:  I.,  23,  13, 
32;  ax.  3,  11;  III.,  1,  17,  18.) 

Prop.  4.  Problem. — To  inscribe  a  circle  in  a  given 
triangle.  (Refs.:  I.,  9,  12,  26;  axs.  11,  1;  IIP,  16  cor.) 

Prop.  5.  Problem. — To  describe  a  circle  about  a  given 
triangle.  (Refs.:  I.,  10,  11,  4;  ax.  1;  III.,  31  cor.) 

Prop.  6.  Problem. — To  inscribe  a  square  in  a  given  circle. 
(Refs.:  I.,  11,  4;  IIP,  1,  31.) 

Prop.  7.  Problem. — To  describe  a  square  about  a  given 
circle.  (Refs.:  I.,  11,  28,  34;  IIP,  1,  17,  18.) 

Prop.  8.  Problem. — To  inscribe  a  circle  in  a  given  square. 
(Refs.:  I.,  10,  31,  34;  ax.  7;  def.  30;  IIP,  16  cor.) 

Prop.  9.  Problem. — To  describe  a  circle  about  a  given 
square.  (Refs.:  I.,  8,  6;  ax.  7.) 

Prop.  10.  Problem. — To  describe  an  isosceles  triangle, 
Paving  each  of  the  angles  at  the  base  double  of  the  third 
angle.  (Refs.:  I.,  32,  5,  6;  ax.  1,2,  6;  II.,  11;  IIP,  32,  37; 
IV.,  1,  5.) 

Prop.  11.  Problem. — To  inscribe  an  equilateral  and 
equiangular  pentagon  in  a  given  circle.  (Refs.:  I.,  9;  ax.  2 ; 
IIP,  26,  27,  29;  IV.,  2,  10.) 

Prop.  12.  Problem. — To  describe  an  equilateral  and 
equiangular  pentagon  about  a  given  circle.  (Refs. :  I.,  47,  8, 
4,  26;  axs.  1,  7,  36;  IIP,  17,  18,  27.) 

Prop.  13.  Problem. — To  inscribe  a  circle  in  a  given 

equilateral  and  equiangular  pentagon.  (Refs.  I.,  9,  4,  12,  26 ; 
IIP,  16.) 

Prop.  14.  Problem. — To  describe  a  circle  about  a  given 
equilateral  and  equiangular  pentagon.  (Refs.:  I.,  9,  6; 
ax.  7.) 
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Prop.  15.  Problem. — To  inscribe  an  equilateral  and 
equiangular  hexagon  in  a  given  circle.  (Refs.:  I.,  5,  cor.  32, 
13,  15;  ax.  1;  III.,  1,  26,  29,  27.) 

Prop.  16.  Problem. — To  inscribe  an  equilateral  and 
equiangular  quindecagon  in  a  given  circle.  (Refs.:  III.,  30; 

IV,  2,  11,  1.) 


SECTION  IV. 

MECHANICS. 

A.  Dynamics — 

Def.  of  Velocity. — The  velocity  of  a  point  in  motion  at 
any  moment  is  the  degree  of  quickness  of  the  motion  of  the 
point  at  that  moment. 

Laws  of  Motion  — 

i.  Every  body  continues  in  a  state  of  rest  or  of  uniform 
motion  in  a  straight  line,  except  in  so  far  as  it  may  be  com¬ 
pelled  to  change  that  state  by  force  acting  upon  it. 

ii.  Change  of  motion  is  proportional  to  the  impressed 
force,  and  takes  place  in  the  direction  of  the  straight  line  in 
which  the  force  acts. 

iii.  Action  and  re-action  are  equal  and  opposite ;  that  is, 
to  every  action  there  is  a  corresponding  re-action  equal  in 
magnitude  but  opposite  in  direction. 

Acceleration. — Acceleration  is  used  as  an  abbreviation  for 
4  velocity  added  in  a  moment  of  time.’ 

Formulae. — s  =  space  ;  v  =  velocity  ;  t  =  time  in  seconds. 

Then  (a)  s  =  vt. 

(b)  Space  described  in  the  nth  second  under 
acceleration  4/.’ 

*  =  |/(2W-1). 
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(c)  Space  described  in  n  seconds  under  accelera¬ 
tion 
8  =  \ ft 2. 

(</)  =  2/5. 

If  ‘g’  (32  feet)  be  substituted  for  in  the  formulae 
above,  they  will  then  answer  *  for  bodies  moving  under  the 
action  of  gravity. 

(a)  s  =  y(2n-l);  ( b ')  s  =  \g$ ;  (c)  v 2  =  2 gs. 

Formulae  for.  motion  of  bodies  in  a  straight  line  under 
the  influence  of  a  uniform  force,  with  a  given  initial 
velocity. 

The  formulae  will  correspond  to  those  given  above 
a,  6,  c,  d. 

u  —  the  given  initial  velocity. 

(a)  v  —  u±  ft. 

(b)  s  —  u±\f(^n  -  1). 

(c)  s  =  ut±  J ft 2. 

(d)  v2  =  u2  ±  2/5. 

N.B. — (a)  The  original  velocity  u  is  destroyed  in  time  -r 

u2 

( b )  and  the  space  described  in  that  time  is 

Most  important  use  of  this  note  is  in  problems  respecting 
gravity. 

Force. — Force  is  that  which  produces  acceleration  in  mass. 

Force  =  mf  (m  =  mass,  and /=  acceleration). 

Mass . — The  mass  of  a  body  or  particle  is  the  quantity  of 
matter  which  it  contains. 

Momentum. — Momentum  is  the  product  of  mass  moved 
x  by  velocity. 

Work. — Work  is  the  production  of  motion  against  re¬ 
sistance. 

Energy. — Energy  is  the  capacity  for  doing  work.  Energy 
may  be  Potential  or  Kinetic. 
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(a)  Potential  Energy  is  the  capacity  for  doing  work 
possessed  by  mass  in  virtue  of  its  position. 

( b )  Kinetic  Energy  is  the  capacity  for  doing  work 
possessed  by  mass  in  virtue  of  its  mass  velocity. 

C onservation  of  Energy. — Energy  is  indestructible  ;  it  can 
change  its  form,  but  its  quantity  remains  unchanged. 

Parallelogram  of  Velocities. — If  a  body  have  communicated 
to  it  simultaneously  two  velocities  which  are  represented  in 
magnitude  and  direction  by  two  straight  lines  drawn  from 
a  point,  then  the  resultant  velocity  will  be  represented  in 
magnitude  and  direction  by  the  diagonal  drawn  from  that 
point  of  which  the  two  straight  lines  are  adjacent  sides  of 
the  parallelogram. 

Parallelogram  of  Accelerations. — This  may  be  deduced  from 
the  Parallelogram  of  Velocities  by  reading  ‘acceleration’ 
for  ‘  velocity.’ 

Kf 

Parallelogram  of  Forces. — If  two  forces  acting  on  a  particle 
be  represented  in  magnitude  and  direction  by  two  straight 
lines  drawn  from  a  point,  and  a  parallelogram  be  con¬ 
structed  having  these  straight  lines  as  adjacent  sides,  then 
the  resultant  of  the  two  forces  is  represented  in  magnitude 
and  direction  by  that  diagonal  of  the  parallelogram  which 
passes  through  the  point. 

Triangle  of  Forces. — If  three  forces  acting  on  a  particle  be 
represented  in  magnitude  and  direction  by  the  sides  of  a  tri¬ 
angle  taken  in  order,  they  will  keep  the  particle  in  equilibrium. 

Moments. — The  moment  of  a  force  about  a  point  is  the 
name  given  to  power  which  that  force  has  to  turn  any  body 
round  that  point. 

In  estimating  the  power  of  force  to  turn  a  body  round  a 
fixed  point  we  must  consider — 

1.  The  magnitude  of  the  force. 

2.  The  perpendicular  distance  of  line  of  action  of  the 

force  from  the  fixed  point. 
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Propositions  on  Moments. — 

I.  The  moment  of  a  force  about  a  point  in  its  own  line 
of  action  is  zero. 

II.  The  algebraic  sum  of  the  moments  of  two  parallel 
forces  about  any  point  in  their  plane  equals  the  moment  of 
their  resultant  about  that  point. 

III.  The  algebraic  sum  of  the  moments  of  two  forces 
meeting  in  a  point  and  acting  in  one  plane  about  any 
point  in  the  plane,  equals  the  moment  of  their  resultant 
about  that  point. 

IV.  The  algebraic  sum  of  the  moments  of  two  forces 
acting  in  one  plane  and  meeting  in  a  point  about  any 
point  in  the  line  of  action  of  the  resultant  is  zero. 

B.  Statics. — 

Centre  of  Gravity. — The  point  at  which  the  weight  of  a 
body  or  system  of  bodies  may  always  be  supposed  to  act  is 
called  its  ‘  mass-centre  5  or  *  centre  of  gravity/ 

Centre  of  Gravity  of  Parallelogram. — 1.  The  centre  of 
gravity  of  a  o  is  the  intersection  of  the  straight  lines 
which  join  the  middle  points  of  opposite  sides. 

Centre  of  Gravity  of  Triangle. — 2.  The  centre  of  gravity 
of  a  triangle  is  in  the  line  joining  middle  point  of  base  to 
opposite  angle,  and  J  of  its  length  from  base. 

The  centre  of  gravity  of  a  triangle  coincides  with  centre 
of  gravity  of  3  equal  heavy  particles  placed  at  angular 
points  of  the  triangle. 

Centre  of  Gravity  of  Cone. — 3.  The  centre  of  gravity  of 
cone  is  in  the  line  joining  centre  of  gravity  of  base  with  the 
vertex,  and  |  of  its  length  up. 

Centre  of  Gravity  of  Sphere. — 4.  The  centre  of  gravity  of 
a  sphere  is  the  same  as  its  geometrical  centre. 

Equilibrium.  — 

(a)  A  body  is  said  to  be  in  unstable  equilibrium  when,  on  the 
slightest  disturbance,  it  moves  away  from  its  former  position. 
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(b)  A  body  is  said  to  be  in  stable  equilibrium  if  it  returns 
to  its  former  position. 

(c)  If  a  body  remains  in  the  new  position  which  the 
displacement  has  given  it,  the  position  is  said  to  be  neutral 

A  body  placed  with  its  base  upon  a  plane  surface  will 
stand  or  fall  according  as  the  vertical  line  through  its  centre 
of  gravity  falls  within  or  without  the  base. 

C.  Hydrostatics. — 

1 .  Pascal? s  Law — 

Pressure  exerted  upon  a  mass  of  liquid  is — 

(a)  Transmitted  undiminished  in  all  directions. 

( b )  Acts  with  the  same  force  on  all  equal  surfaces. 

(c)  And  in  a  direction  at  right  angles  to  those  surfaces. 

2.  Pressure  in  liquids  under  gravity — 

(a)  The  pressure  in  each  layer  is  proportional  to  depth. 

(b)  With  different  liquids  and  same  depth,  pressure  is 

proportional  to  density  of  liquid. 

( c )  Pressure  is  the  same  at  all  points  of  the  same 

horizontal  laver. 

The  upward  pressure  of  liquids  is  governed  by  the  same 
laws  as  the  downward  pressure. 

Equilibrium  of  a ;  Liquid. — In  order  that  a  liquid  may 
remain  at  rest 

(a)  Its  surface  must  be  everywhere  perpendicular  to 

the  resultant  of  the  forces  which  act  on  the 
molecules  of  the  liquid. 

( b )  Every  molecule  of  the  mass  of  the  liquid  must  be 

subject  in  every  direction  to  equal  and  contrary 
pressures. 

Archimedes'  Principle . — A  body  immersed  in  a  liquid  loses 
a  part  of  its  weight  equal  to  the  weight  of  displaced  liquid. 

Conditions  of  Equilibrium  in  Floating  Bodies. — 

I.  The  floating  body  must  displace  a  volume  of  liquid 
whose  weight  equals  that  of  the  body. 


ARITHMETIC,  EUCLID,  MECHANICS,  ETC. 


31 


II.  The  centre  of  gravity  of  the  floating  body  must  be  in 
the  same  vertical  line  as  that  of  the  fluid  displaced. 

III.  The  equilibrium  of  a  floating  body  is  stable  or  un¬ 
stable  as  the  metacentre  is  above  or  below  the  centre  of 
gravity. 

Specific  Gravity. — The  Specific  Gravity  of  a  body  is  the 
number  wdiich  expresses  the  relation  of  the  weight  of  a 
given  volume  of  this  body  to  the  weight  of  the  same  volume 
of  distilled  water  at  4°  C. 

There  are  three  methods  of  determining  the  specific 
gravity  of  solids  and  liquids. 

(a)  Method  of  Hydrostatic  Balance. 

( b )  n  Hydrometer. 

(c)  i»  Specific  Gravity  Bottle. 

Formulae. — (a)  To  compare  the  Specific  Gravities  of  a  solid 
and  a  fluid  by  means  of  Hydrostatic  Balance. 

Case  I.  When  the  solid  is  of  greater  Specific  Gravity  than 
the  fluid — 

Let  v  =  Yol.  of  solid. 
m  s  —  Specific  Gravity  of  solid 
u  .s'  =  it  fluid 

H  to  —  weight  of  solid  in  air 
it  w  —  it  fluid 


Case  II.  When  the  solid  is  of  less  Specific  Gravity  than 
the  fluid — 

Attach  a  ‘sinker’  to  the  solid,  which  will  make  the 
solid  sink  with  it  in  the  fluid — 


Let  w  —  weielit  of  the  two  bodies  in  air. 


i  n 


II 

IJ 

II 

II 

X  = 

II 

II 

y  = 

II 

II 

/** _ 

Xj  - 

II 

solid  in  air. 
two  bodies  in  fluid, 
sinker  in  air. 
ii  fluid. 


// 

5  IV 

s'  w  -  %  —  y  +  z 


then 


32 


‘  WRINKLES  ’  IN  ALGEBRA, 


Nicholson's  Hydrometer. — (b)  I.  To  compare  Specific 
Gravities  of  a  solid  and  a  fluid. 

Let  w  =  weight  of  substance  which  causes  the  hydrometer 
to  sink  in  fluid  to  the  mark  on  the  steel  wire  when  placed 
in  upper  dish. 

Let  x  =  weight  which  must  be  added  to  the  solid  whose 

o 

Specific  Gravity  is  to  be  found  to  make  the  hydrometer 
sink  in  fluid  to  the  mark  on  the  steel  wire. 

Let  y  =  weight  of  substance  which  must  be  put  in  upper 
dish  to  make  the  hydrometer  sink  in  fluid  to  mark  on  the 
steel  wire  when  the  solid  is  placed  in  the  lower  dish, 

then  Specific  Gravity  of  solid  w  -  x 
Specific  Gravity  of  fluid  ~  y  -  x 


II.  To  compare  the  Specific  Gravities  of  two  fluids  by 
weighing  the  same  solid  in  each. 

Let  s  and  s  =  Specific  Gravities  of  the  fluids, 
n  w  and  w  =  weights  of  the  solid  when  immersed  in 

O 

respective  fluids, 
ii  W=  weight  of  solid  in  air — 


then 


W  -  iv 


s'  ~  W  -  w 


D.  Gases.  Boyle  and  Mariotte's  Law — 

The  temperature  remaining  the  same,  the  volume  of  a 
given  quantity  of  gas  is  inversely  as  the  pressure  which  it 
supports. 

But  this  law  has  now  been  proved  to  be  only  approxi¬ 
mately  true. 

Charles  Law. — All  gases  expand  of  their  volume  at 
0°  0  for  every  increase  in  temperature  of  1°  C. 

This  fraction  is  called  the  ‘  coefficient  of  expansion  of 
gases.  ’ 
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Graham's  Law. — The  rates  of  the  diffusion  of  gases  are 
inversely  proportional  to  their  densities. 

Atmospheric  Pressure. — The  pressure  of  the  atmosphere 
=  14*7  lbs.  on  a  square  inch — roughly  speaking  15  lbs. 

Suction  Pump. — When  water  fills  the  pipe  and  barrel  as 
far  as  the  spout,  the  effort  necessary  to  raise  piston  =  the 
weight  of  a  column  of  water,  the  base  of  which  is  the  piston 
and  the  height  the  vertical  distance  of  the  spout  from  the 
level  of  water  in  reservoir,  that  is,  the  height  to  which  the 
water  is  raised. 


SECTION  V. 

CHEMISTRY. 

Chemical  Combination — 

1.  Chemical  Combination  consists  in  the  union  of  the 
small  indivisible  particles  of  matter  called  ‘atoms/  These 
atoms  are  all  supposed  to  be  of  the  same  size  with  the 
exceptions — 

Phosphorus  and  Arsenic,  which  are  half  the  usual  size  ; 
Zinc,  Cadmium,  and  Mercury,  which  are  double 
the  usual  size. 

2.  Avogadro’s  Law — 

The  densities  of  all  the  elements  known  in  a  gaseous 
state  are  identical  with  their  atomic  weights. 

The  vapour  densities  of  compound  substances  are  nearly 
always  half  their  molecular  weight. 

c 
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3.  Laws  of  Chemical  Combination — 

A.  Law  of  Constant  Proportion . 

The  same  body  is  invariably  composed  of  the  same 
elements  united  in  the  same  proportions. 

B.  Law  of  Multiple  Proportion. 

When  an  element  unites  with  another  in  different  pro¬ 
portions,  the  higher  proportions  are  invariably  multiples 
of  the  lowest. 


C.  Law  of  Reciprocal  Proportion. 

If  two  bodies,  A  and  B,  separately  combine  with  a  third 
body  C,  the  proportions  of  A  and  B  which  unite  with  C 
are  measures  or  multiples  of  the  proportions  in  which  A  and 
B  combine  together. 

Def.  of  Acid. — An  acid  is  a  body  containing  Hydrogen, 
which  may  be  replaced  by  a  metal  (or  group  of  elements) 
when  presented  to  it  in  the  form  of  an  oxide  or  hydrate. 

Acids  containing  one  atom  of  H  are  called  Monobasic, 
it  ii  two  atoms  n  Dibasic, 

ii  ii  three  atoms  i?  Tribasic. 

Def  of  Base. — A  base  is  a  confound,  usually  an  oxide  or 
hydrate,  containing  a  metal  (or  group  of  elements)  capable 
of  replacing  the  H  of  an  acid.  Bases  are  generally  metallic 
oxides. 

Def.  of  an  Alkali. — An  alkali  is  a  base  of  a  specially 
active  character,  soluble  in  water,  to  which  it  imparts  a 
soapy  taste  and  touch.  Alkalies  restore  the  blue  colour  to 
reddened  litmus. 

Def.  of  Hydrates. — Hydrates  are  mostly  compounds  of 
metallic  oxides  with  water. 

Def.  of  a  Salt. — A  salt  is  the  product  of  the  action  of 
an  acid  on  a  base. 
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Modes  of  Chemical  Action — 

I.  Direct  union. 

II.  Chemical  displacement. 

III.  Mutual  exchange. 

IV.  Re-arrangement  of  particles. 

V.  Direct  decomposition. 


Composition  of  the  Atmosphere — 

(a)  Oxygen 
Nitrogen 


20-61. 

77*95. 

*04. 

1*4. 


) 


=  Traces. 
~~  |  Traces. 


by  volume, 
by  weight. 


Carbonic  dioxide 
Aqueous  vapour 
Nitric  Acid 
Ammonia 

Carburetted  Hydrogen 
In  towns  and  manu-  j  Sulphuretted  Hydrogen 
facturing  districts.  {  Sulphur  dioxide 

(6)  The  average  composition  of  the  atmosphere  when 
freed  from  C02  and  Aqueous  vapour  is — 

Nitrogen,  .  79*19 

Oxygen,  .  20*81 

Nitrogen,  .  76*99 

Oxygen,  .  23*01 

Notes. — (a)  In  Chemical  calculations  the  Metric  System 
is  used. 

The  Greek  prefixes  deca,  hecto,  kilo  represent  10,  100, 
and  1000  respectively. 

The  Latin  deci,  centi,  milli  represent  a  tenth,  a 

hundredth,  and  a  thousandth  respectively. 

( b )  1  metre  =  39*37  inches. 

(c)  1  litre  =  61*027  cubic  inches  or  1*7607  pints. 

A  litre  is  the  volume  occupied  by  a  kilogram  of  water  at 
4°  C.,  and  it  is  equal  to  a  cubic  decimetre. 

.  \  1  gram  =  1  cubic  centimetre. 

(d)  1  gram  =  15*4323  grains. 
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(e)  1  cubic  foot  of  water  at  4°  C.  weighs  1000  ozs. 

(f)  1  litre  of  H  at  0°  C.  and  760  mm.  pressure  =  crith  — 
*0896  gram. 

(g)  Prof.  Williamson’s  standard — 

11*2  litres  of  H  =  1  gram. 
m  m  0  =  16  grams. 

&c.  &c.  &c. 


SECTION  VI. 

HEAT  AND  LIGHT. 

A.  Heat — 

I.  Theories  as  to  its  Nature — 

(a)  The  Emission  or  Material  Theory  supposes — 

1.  Heat  consists  of  an  imponderable  substance  sur¬ 

rounding  the  molecules  of  bodies. 

2.  These  heat  atmospheres  are  self-repellant,  and 

therefore  heat  acts  in  opposition  to  the  force  ol 
cohesion. 

( b )  The  Dynamical  Theory  is  the  one  universally  held, 

and  supposes — 

1.  Heat  to  be  caused  by  the  rapid  vibratory  motion 

of  its  particles. 

2.  The  hottest  bodies  are  those  in  which  these 

vibrations  have  the  greatest  velocity  and  ampli¬ 
tude. 

3.  The  molecules  of  warm  bodies  are  capable  of 

communicating  a  vibratory  motion  to  the  im¬ 
ponderable  elastic  ether  (which  is  assumed  to 
pervade  all  matter  and  all  space),  and  thus 
neighbouring  bodies  become  heated. 
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II.  Expansion  of  Solids,  Liquids,  and  Gases — 

Coefficient  of  Expansion. — (a)  The  Coefficient  of  Ex¬ 
pansion  is  that  fraction  of  a  body’s  length  which  it  expands 
on  being  heated  1°  C. 

The  coefficient  of  cubical  expansion  is  approximately 
three  times  the  linear  expansion. 

Boiling  Point  of  Liquid. — ( b )  The  boiling  point  of  a 
liquid  is  that  point  of  temperature  at  which  the  tension  of 
its  vapour  equals  the  pressure  it  supports. 

The  boiling  point  is  lowered  1°  C.  for  every  1060  feet  of 
elevation. 

Maximum  Density  of  Water. — ( c )  Water  is  at  its  maximum 
density  at  4°  C. 

Gay  Lussads  Laics — 

(d)  (1)  All  gases  have  the  same  coefficient  of  expansion 

as  air. 

(2)  This  coefficient  is  the  same  whatever  be  the 

pressure  supported  by  the  gas.  (This  coefficient 

=  ii  or  -A  \ 

30  00  2  73/* 

III.  Thermometry — 

Temperature — 

(а)  The  temperature  of  a  body  is  the  greater  or  less 
extent  to  which  it  tends  to  impart  sensible  heat  to  other 
bodies. 

Thermometers — 

(б)  (1)  To  convert  Fahrenheit  degrees  to  Centigrade 

(F.  -  32)  |  =  C. 

(2)  To  convert  Centigrade  degrees  to  Fahrenheit 

(|  C.  +  32)  =  F. 

(3)  To  convert  Reaumur  degrees  to  Fahrenheit 

(f  R.  +  32)  =  F. 

(4)  To  convert  Fahrenheit  degrees  to  Reaumur 

(F. -32)  *  =R. 
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IV.  Calorimetry  and  Specific  Heat — 

Thermal  Unit. — (a)  The  thermal  unit  is  the  quantity  of 
heat  required  to  raise  1  lb.  of  water  1°  C.  at  the  standard 
temperature. 

Specific  Heat. — (b)  The  Specific  Heat  of  a  body  is  the 
relation  between  the  quantity  of  heat  required  to  raise 
the  body  and  that  required  to  raise  an  equal  weight  of 
water  through  1°  C. 

Y.  Solidification  and  Liquefaction — 

Laws  of  Solidification — 

(a)  1.  Every  body  under  the  same  pressure  solidifies 

at  a  fixed  temperature,  which  is  the  same  as 
that  of  fusion. 

2.  From  the  commencement  to  the  end  of  solidi¬ 
fication  the  temperature  of  a  liquid  remains 
the  same. 

Laics  of  Liquefaction  or  Fusion — 

( b )  1.  Every  body  under  the  same  pressure  begins  to 

fuse  at  a  fixed  temperature. 

2.  From  the  commencement  to  the  end  of  lique¬ 
faction  the  temperature  of  the  substance 
remains  the  same. 

YI.  Vaporization,  Condensation,  and  Ebullition — 

(a)  Vaporization  is  used  to  denote  the  change  which 

takes  place  when  a  liquid  passes  into  the 
gaseous  state.  It  includes  Evaporation  and 
Ebullition. 

( b )  The  condensation  of  vapours  may  be  due  to  cooling, 

compression,  or  chemical  affinity. 

(c)  Laws  of  Ebullition — 

1.  The  temperature  of  Ebullition,  or  the  boiling 
point,  increases  with  the  pressure. 
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2.  All  liquids  begin  to  boil  at  a  temperature  which 

for  each  liquid  is  constant  under  a  constant 
pressure. 

3.  As  soon  as  ebullition  begins,  the  temperature 

of  the  liquid  remains  stationary. 

(d)  Laws  of  Evaporation — 

1.  Evaporation  takes  place  more  rapidly  the 

greater  the  surface  exposed. 

2.  It  increases  with  the  increase  of  temperature. 

3.  It  decreases  as  the  air  becomes  more  and  more  * 

saturated  with  the  same  vapour. 

VII.  Latent  Heat — 

Latent  Heat  is  the  quantity  of  heat  which  disappears,  and 
is  not  shown  on  the  thermometer  when  the  molecular  con¬ 
stitution  of  a  body  is  being  changed. 

(а)  Latent  Heat  of  Fusion  of  Water  is  80  thermal  units. 

(б)  ii  n  Evaporation  n  536  n  u 

VIII.  Conduction  and  Convection — 

(a)  Heat  is  transmitted  by  Conduction  when  each  atom 

takes  up  the  motion  of  its  neighbour  and  sends 
it  on  to  others. 

(b)  Heat  is  transmitted  by  Convection  when  it  is  pro¬ 

pagated  in  a  liquid  or  gas  by  the  motion  of 
its  heated  particles. 

B.  Light—. 

Theories — 

I.  Emission  Theory — supported  by  Newton — 

(a)  Light  consists  of  an  imponderable  substance,  con¬ 

sisting  of  corpuscles  of  matter. 

( b )  These  corpuscles  are  emitted  from  luminous  bodies 

with  enormous  velocity,  and  by  their  impact  on 
the  retina  of  the  eye  produce  the  sensation  of  vision. 
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II.  The  Undulatory  Theory — now  generally  accepted — 
{a)  There  exists  in  space  an  exceedingly  rarefied  but 
very  elastic  substance  called  ‘  ether/  which  also 
surrounds  the  molecules  of  matter. 

( b )  The  particles  of  luminous  bodies  are  in  a  state  of 

extremely  rapid  vibration. 

(c)  These  vibrations  are  generated  in  the  ether  as 

undulations,  and  proceed  with  great  velocity  in 
concentric  spheres. 

(d)  By  the  impact  of  these  waves  upon  the  retina,  the 

sensation  of  vision  is  caused. 

Velocity  of  Light — 

Boemer’s  method  gave  192,000  mis.  per  second. 
Bradley’s  n  m  190,860  n  n 

Foucault’s  m  m  185,157  n  n 

Fizeau-Cornu’s  n  u  186,616  n  n 

Intensity  of  Light — Laws — 

1.  The  intensity  of  illumination  is  inversely  as  the  square 
of  its  distance. 

2.  The  intensity  of  illumination  which  is  received 
obliquely  is  proportional  to  the  cosine  of  the  angle  which 
the  luminous  rays  make  with  the  normal  to  the  illuminated 
surface. 

Photometers. — A  Photometer  is  an  apparatus  for  measur¬ 
ing  the  relative  intensities  of  light.  The  principal  are 
Bumford’s,  Bunsen’s,  and  Wheatstone’s. 

Reflection  at  plane  or  spherical  surfaces — 

(a)  Laws  of  the  Beflection  of  Light — 

1.  The  angle  of  reflection  equals  the  angle  of 

incidence. 

2.  The  incident  and  the  reflected  rays  are  both  in 

the  same  plane,  and  this  is  perpendicular  to 
the  reflecting  surface. 
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(b)  Relative  velocity  of  mirror  and  image — 

1.  If  a  mirror  be  moved  parallel  to  itself,  either 

from  or  towards  an  object,  the  image  moves 
twice  as  fast  as  the  mirror. 

2.  If  a  mirror  be  made  to  rotate,  the  angle  through 

which  the  image  moves  is  twice  the  angle 
through  which  the  mirror  moves. 

Real  and  Virtual  Images. — Real  images  are  those  formed 
by  the  reflected  rays  themselves.  Virtual  images  are  those 
formed  by  the  prolongation  of  the  reflected  rays. 

Refraction — Laws  of — 

1.  The  sine  of  the  angle  of  incidence  bears  to  the  sine  of 
the  angle  of  refraction  a  constant  ratio  for  the  same  two 
media. 

2.  The  incident  and  refracted  rays  are  in  the  same  plane, 
and  that  plane  is  perpendicular  to  the  common  surface  of 
the  two  media. 

N.B. — Refraction  is  always  accompanied  by  Reflection — 
the  higher  the  refractive  power  the  greater  the  amount  of 
Reflection. 

The  critical  angle  of  Refraction  for  water  and  air  is  48 V. 

Formula  for  Spherical  mirrors — 

Let  /=  focal  distance  ;  p  =  distance  of  object  from  mirror  ; 

and  p  =  distance  of  image  from  mirror, 

1  1  1  1 

then  —  +  —  =  — r. 

P  P  / 

Magnitude  of  Images  in  Mirrors — 

Length  of  image:  length  of  object::  distance  of  image  from 
centre:  distance  of  object  from  centre. 

Lenses. — Lenses  are  transparent  media,  which,  from  the 
curvature  of  their  surfaces,  have  the  property  of  causing  the 
luminous  rays  which  traverse  them  either  to  converge  or 
diverge. 
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Decomposition  of  White  Light  by  a  Prism. — In  the  Solar 
Spectrum  there  are  seven  principal  colours  : — Violet,  indigo, 
blue,  green,  yellow,  orange,  and  red  (v.  i.  b.  g.  y.  o.  r.).  The 
violet  is  the  most,  and  the  red  the  least  refrangible. 

These  colours  can  be  recombined  to  form  white  light  by — 

(a)  Taking  another  prism  of  the  same  refracting  angle 

as  the  dispersing  one  and  placing  near  the  other 
in  an  inverted  position. 

(b)  Allowing  the  decomposed  beams  to  fall  upon  a 

concave  mirror. 

(c)  Using  Newton’s  disc. 


SECTION  VII. 

MAGNETISM  AND  ELECTRICITY. 

A.  Magnetism — 

I.  Lcavs  of  Magnetic  Force — 

1.  Like  magnetic  poles  repel  one  another ;  unlike  poles 
attract. 

2.  The  force  exerted  between  two  magnetic  poles  is  pro¬ 
portional  to  the  product  of  their  strengths,  and  is  inversely 
proportional  to  the  square  of  the  distance  between  them. 

II.  Differences  between  Magnets  and  Magnetic  Substances — 

1.  Magnets  attract  only  at  their  poles;  they  possess 
opposite  properties,  and  also  e  magnetic  equators'.’ 

2.  Magnetic  substances  are  those  which  attract  either 
pole  of  the  magnet ;  they  have  no  fixed  ‘  poles  ’  and  no 
‘magnetic  equators,’  such  as  iron,  steel,  nickel,  cobalt,  and 
in  a  much  inferior  degree  chromium  and  manganese. 
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III.  Diamagnetic  bodies — 

The  following  are  repelled  from  the  poles  of  a  magnet, 
and  are  known  as  diamagnetic  bodies : — Bismuth,  phos¬ 
phorus,  antimony,  and  copper. 

IV.  Def.  of  Poles — 

Opposite  properties  in  opposite  directions  so  exactly 
equal  as  to  be  capable  of  accurately  neutralising  each 
other. 

V.  Methods  of  making  Magnets — 

1.  Single  touch. 

2.  Divided  touch. 

3.  Double  touch. 

VI.  Coercive  Force  or  Retentivity 

Is  the  force  by  which  a  magnetic  substance  resists  the 
decomposition  and  the  recomposition  of  the  magnetic 
fluids. 

VII.  Magnetic  Force  may  be  measured  in  three  ivays — 

1.  Balance  it  against  the  torsion  of  an  elastic  thread. 

2.  By  observing  the  time  of  swing  of  magnetic  needle, 
oscillating  under  its  influence. 

3.  Observe  deflection  produced  in  needle,  which  is 
already  attracted  in  different  direction  by  a  force  of  known 
intensity. 

VIII.  The  earth  a  Magnet — 

North  Magnetic  Pole  70°  5'  N.  Latitude,  and  96°  46' 
W.  Longitude. 

South  Magnetic  Pole  has  never  been  reached,  but  there 
appear  to  be  two  south  polar  regions. 

IX.  Declination — 

The  angle  between  the  geographical  meridian  and  the 
magnetic  meridian  is  called  the  Declination  of  that  place. 
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In  London  now  the  angle  of  declination  is  about  17°  40' 
West  of  true  N. 

X.  Inclination  or  Dip — 

This  is  the  angle  which  the  magnetic  needle  makes  with 
the  horizon. 

In  the  north  hemisphere  the  north  pole  dips ;  in  the 
south  the  south  pole  dips.  The  inclination  at  London  is 
about  67°  25'. 

XI.  Three  things  must  be  Icnoivn  to  specify  the  Magnetism  of 

any  place  — 

1.  The  Declination. 

2.  The  Inclination. 

3.  The  Intensity  of  Magnetic  Force. 

XII.  Agonic  lines  are  lines  of  no  variation  of  Declination 

— where  the  Magnetic  and  Geographical  Meridians 
coincide. 

XIII.  Earth’s  Magnetic  Equator,  or  the  Aclinic  line,  is  the 

line  round  the  earth  upon  which  the  dipping  needle 
remains  in  a  horizontal  position. 

XIV.  Isogonic  lines  are  lines  of  equal  declination. 

XV.  Isoclinic  lines  are  lines  of  equal  dip. 

XVI.  Paramagnetic  substances  are  those  which  are  attracted 

by  powerful  electro-magnets. 

B.  Electricity. 

I.  Frictional  : — 

Laiv  /.  Like  electricities  repel,  unlike  attract. 

Theories  of  Electricity  : — 

A.  Symmer’s — Two  fluid  theory  supposes — 

1.  There  are  two  imponderable  electric  fluids  of 
opposite  kinds. 
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2.  They  neutralise  each  other  when  they  combine. 

3.  They  exist  combined  in  equal  quantities  in  all 

bodies  until  the  condition  is  disturbed  by  friction. 

B.  Franklin’s  Theory  supposes — 

1.  One  fluid  only. 

2.  When  bodies  are  not  neutral,  they  are  charged 

with  a  positive  quantity  ( + ),  or  a  negative 
quantity  (  -  )  of  the  same  fluid. 

C.  Molecular  Theory.  —  Faraday  conceives  electrical 
induction  to  depend  on  a  physical  action  between  the 
contiguous  molecules,  which  takes  place  at  a  distance  by 
operating  through  the  intervening  particles  of  non-con¬ 
ducting  matter.  He  also  supposes  that  in  this  medium 
successions  of  layers  become  alternately,  positively  and 
negatively  electrified.  This  condition  is  called  ‘Dielectric 
Polarisation.’ 

Coulomb's  Laivs — 

1.  The  repulsions  and  attractions  between  two 

electrified  bodies  are  in  the  inverse  ratio  of  the 
squares  of  their  distances. 

2.  Distance  being  the  same,  the  attractive  or  re¬ 

pulsive  force  is  directly  as  the  product  of  the 
charge. 

Electrical  Induction  is  the  action  of  an  electrified  body 
exerted  at  a  distance  upon  the  electricity  of  another  body. 

Inductive  Capacity. — The  power  of  a  body  to  allow  the 
inductive  influence  of  an  electrified  body  to  act  across  it 
is  called  its  Inductive  Capacity. 

The  Capacity  of  a  Condenser  depends  upon — 

1.  The  size  and  form  of  the  metal  plates  or  coatings. 

2.  The  thinness  of  the  stratum  of  insulator  between 

them. 

3.  The  inductive  capacity  of  insulator. 
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B.  Electricity — 

II.  Current  or  Dynamical  : — 

(а)  Definition — 

1.  The  strength  of  a  current  is  the  quantity  of  elec¬ 
tricity  which  flows  past  any  point  of  the  circuit  in  one 
second. 

2.  Electromotive-Force  (E.M.F.)  is  that  which  moves  or 
tends  to  move  electricity  from  one  place  to  another. 

(б)  Volta's  Laws — 

I.  The  difference  of  potential  between  any  two  metals  is 
equal  to  the  sum  of  the  differences  of  potential  between  the 
intervening  metals  in  the  contact  series. 

II.  The  total  electromotive-force  of  a  series  of  cells,  the 
zincs  and  coppers  of  which  are  all  arranged  in  one  order, 
will  be  equal  to  the  electromotive-force  of  one  cell  multiplied 
by  the  number  of  cells. 

( c )  Laws  of  Chemical  Action  in  the  Cell — 

I.  The  amount  of  chemical  action  in  the  cell  is  propor¬ 
tional  to  the  quantity  of  electricity  that  passes  through  it — 
that  is,  it  is  proportional  to  the  strength  of  the  current. 

II.  The  amount  of  chemical  action  (in  a  battery  consisting 
of  cells  joined  in  a  series)  is  equal  in  each  cell. 

Joule’s  Law. 

(d)  Heating  Effects  of  Current — 

The  number  of  units  of  heat  developed  in  a  conductor  is 
proportional 

1.  To  its  resistance. 

2.  To  the  square  of  the  strength  of  the  current. 

3.  To  the  time  that  the  current  lasts. 

(e)  Ijaws  of  Electrolysis — 

1.  Electrolysis  cannot  take  place  unless  the  electrolyte  is 
a  conductor. 
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2.  The  energy  of  the  electrolytic  action  of  the  current  is 
the  same  in  all  its  parts. 

3.  The  same  electric  current  decomposes  chemically 
equivalent  quantities  of  all  the  bodies  which  it  traverses. 

4.  The  quantity  of  a  body  decomposed  in  a  given  time  is 
proportional  to  the  strength  of  the  current. 

(/)  Magnetic  Effects  of  Currents — Ampere's  Law — 

To  keep  movements  of  a  magnet  acted  on  by  a  current  in 
memory — Suppose  a  man  swimming  in  the  wire  with  the 
current,  and  that  he  turns  so  as  to  face  the  needle,  then 
the  N-seeking  pole  of  the  needle  will  be  deflected  towards 
the  Left- hand. 

(g)  Ohin' s  Laic — 

The  strength  of  the  current  varies  directly  as  the  electro¬ 
motive-force,  and  inversely  as  the  resistance  of  the  circuit. 

This  is  expressed  by  formula 

L  C  =  |  (1) 

where  C  =  current,  E  =  electromotive-force,  R  =  resistance. 

2.  The  resistance  of  a  conductor  depends  on  three 
elements — its  conductivity,  section,  and  length. 


cs 


Where  l  —  length,  c  =  conductivity,  and 

conductor,  so  formula  (1)  now  becomes 

E 

C  =  ~e  =  C  =  — 


s  =  section  of 


3.  There  are  two  resistances,  that  between  the  two  plates 
immersed  in  liquid  and  that  offered  by  the  conductor  which 
connects  the  places  outside  the  liquid.  Calling  the  former 
R  and  the  latter  r,  the  formula  becomes 


R  +  r 

4.  Formula  for  any  number  (n)  of  similar  cells  joined 
together  where  the  external  resistance  is  very  small. 
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C  =  -?-E 

n\{  ~  E 

5.  Formula,  when  external  resistance  is  great,  as  in  the 
production  of  electric  light,  becomes 


?zR  +  r 

if  r  is  very  great  as  compared  with  tzR,  the  latter  may  be 
neglected  and  formula  becomes 

£  _  wE 
r 

Laivs  of  Electro-magnets — 

1.  The  strength  of  an  electro-magnet  is  proportional  to 
the  strength  of  the  magnetising  current. 

2.  The  strength  of  an  electro-magnet  is  proportional  to 
the  number  of  turns  of  wire  in  the  coils. 

3.  The  strength  of  an  electro-magnet  is  independent  of 
the  thickness  and  material  of  the  conducting  wire. 

4.  The  strength  of  an  electro-magnet  is  independent  of 
the  diameter  of  the  coils. 

5.  A  current  of  electricity  requires  time  to  magnetise  an 
iron  core  to  the  full  extent  of  its  power. 

Laivs  of  Magneto-electric  Induction — 

1.  A  decrease  in  the  number  of  lines-of-force  which  pass 
through  a  circuit  produces  a  current  round  the  circuit  in 
the  positive  direction  (i.e.,  produces  a  direct  current),  while 
an  increase  in  the  number  of  lines-of-force  which  pass 
through  the  circuit  produces  a  current  in  the  negative 
direction  round  the  circuit. 

2.  The  total  induced  electro-motive  force  acting  round  a 
closed  circuit  is  equal  to  the  rate  of  decrease  in  the  number 
of  lines-of-force  which  pass  through  the  circuit. 

Len?Js  Law. — In  all  cases  of  electro- magnetic  induction 
the  induced  currents  have  such  a  direction  that  their 
reaction  tends  to  stop  the  motion  which  produces  them. 
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SERIES — continued. 

Logarithms  and  Trigonometry. 

The  Book  of  Trigonometry  and  Mensuration,  is.  6d. 

Complete  Treatise  on  Logarithms  and  Trigonometry,  5s.  Key,  3s. 

.  ■  — —  ■ 

Elementary  Logarithms  and  Trigonometry,  2s.  6d.  Key,  2s.  6d. 
Tables  of  Logarithms,  is. 


Conic  Sections,  Etc. 


The  Book  of  Conics,  is. 

Conic  Sections  and  Co-ordinate  Geometry,  for  Int.  B.A.  and  B.Sc.,  4s. 

Complete  Guide  to  the  Matriculation  Examination  in  Arithmetic  and 

Algebra,  3s.  6d. 

Guide  to  the  Mathematics  of  Int.  B.A.  and  B.Sc.,  7s.  6d. 

— 

Science  and  Art  Department  Papers  in  Mathematics,  for  12  years, 
worked  out  in  full,  2s.  6d. 

Complete  Set  of  London  University  Matriculation  Papers,  is. 

Easy  Mathematics.  First  Year,  3d.;  Second  Year,  3d.;  Third  Year,  6d.; 
Complete,  is. 


DOMESTIC  ECONOMY. 


Easy  Domestic  Economy,  is. 

Home  Comfort,  2s.  6d. 

Domestic  Economy  (Stoker),  is. 

Useful  Recipes,  6d. 

Economy  and  Taste  in  Dress,  2d. 

Domestic  Economy.  First  Year,  3d.;  Second  Year,  3d.;  Third  Year,  6d.; 
Complete,  is. 

Food  and  its  Preparation.  By  B.  W.  Gothard.  First  Year,  3d.  ; 
Second  Year,  3d.  ;  Third  Year,  6d. ;  Complete,  is. 


Holborn  Viaduct  Steps,  London ,  E.  C. 
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W.  Stewart  6°  Co.,  Publishers, 


SCIENCE  MANUALS. 


Natural  Philosophy,  for  London  University  Matriculation  Examin¬ 
ations,  4s. 

Matriculation  Natural  Philosophy  Papers,  for  12  years,  worked  out  in 
full.  New  and  Enlarged  Edition,  3s.  6d. 

Experimental  Physics,  for  B.A.  and  B.Sc.,  7s.  6d. 

The  Book  of  Physics,  is. 

The  Book  of  Heat,  is.  6d. 

Manual  of  Physiography,  2s. 

Easy  Lessons  in  Electricity,  is. 

Electricity  and  Magnetism,  for  London  U niversity,  2s.  £*• 

Lessons  in  Physics,  6d. 

Answers  to  Chemical  Papers  (11  years),  Science  and  Art  Department. 

Complete,  3s.  6d.  Inorganic  Part,  2s. ;  Organic  Part,  2s. 

Practical  Chemistry,  for  B.Sc.,  2s. 

- — - - — - - — — - 

The  Book  of  Chemistry,  is. 

- — - 

Easy  Lessons  in  Chemistry,  Organic  and  Inorganic,  is.  6d. 

Matriculation  Chemistry  Papers,  for  12  years,  worked  out  in  full,  2s. 

_ _ _ — - 

The  Book  of  Mechanics  (Statics),  is.  6d. 

Elementary  Mechanics,  is. 

Practical  Botany,  2s. 


LATIN  AND  GREEK. 


Latin  Grammar  and  Composition,  for  London  Matric.  Exams.,  2s.  6d. 
The  Book  of  Latin,  is. 

The  Book  of  Greek,  is. 

Easy  Latin  Grammar,  and  Caesar,  First  Book,  is. 
j  Latin.  First  Year,  3d.;  Second  Year,  3d.;  Third  Year,  6d.;  Complete,  is. 

Latin,  for  Self-Taught  Students,  is.  6d. 

!  Estoclet’s  Caesar.  Book  I.,  Lit.  Trans.,  is.  6d. 

Greek,  for  London  University  Matriculation  and  B.A.  3s.  6d. 


Holborn  Viaduct  Steps ,  London ,  E.  C. 


W.  Stewart  6°  Co.,  Publishers, 
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FRENCH  AND  GERMAN. 


Hudson’s  First  French  Reading1  Book,  with  Complete  Vocabulary,  iod. 


Hudson’s  French  Pearl,  with  Complete  Vocabulary,  is. 
_ , _ _ _ 

Matriculation  French  Extracts,  for  12  years,  2s.  6d. 
Matriculation  German  Grammar,  for  English  Students,  2s.  6d. 


The  Book  of  French,  is. 


Easy  French  Grammar,  is. 

French  Anecdotes,  with  Notes,  etc.,  is. 

— 

I 

French.  First  Year,  3d.;  Second  Year,  3d.;  Third  Year,  6d.;  Complete,  is. 


Concise  History  of  France  (in  Easy  French),  with  Vocabulary,  8d. 


Short  and  Complete  Exposition  of  the  French  Verbs,  is. 


MENTAL  SCIENCE,  SCHOOL  MANAGEMENT,  Etc. 


Currie’s  Common  School  Education,  6s. 


Currie’s  Early  and  Infant  School  Education,  4s. 

— 

Pupil  Teacher’s  Examination  Work,  2s. 


Scholarship  Questions,  worked  out  in  full  for  a  year,  2s. 


Guide  to  Certificate  and  Scholarship  Examinations,  2s.  6d. 

- - - - - 

Examination  Papers — Admission  to  Training  Colleges,  etc.,  is. 


Notes  of  Lessons  on  Animals  and  Common  Things,  2s. 

I  _ _ _ _ _ 

Steele’s  Oral  Teaching,  is.  6d. 

•I _ 

Dr.  Moreil’s  ‘Outlines  of  Mental  Philosophy,’  10s.  6d. 


Dr.  Morell’s  History  of  Philosophy,  12s.  6d. 


Dr.  Morell’s  Handbook  of  Logic,  2s. 


Steele’s  Manual  of  the  Kindergarten,  is.  6d. 


Holborn  Viaduct  Steps,  London ,  P.  C. 


W.  STEWART  &  CO.’S  SPECIAL  MANUALS 
FOR  LONDON  UNIVERSITY. 


Price  is.  post  free, 

A  Complete  Set  of  London  University  Matriculation  Papers,  with 

Specimens  of  Model  Answers. 


Price  is.  post  free, 

A  Complete  Set  of  London  University  Intermediate  Papers  in  Arts. 


New  Edition,  crown  8vo,  cloth,  2s.  post  free, 

London  University  Matriculation  Examination.  What  to  Read  and 

How  to  Read  it.  Specially  written  for  Private  Students,  and  containing  full  and  com¬ 
plete  information  on  all  points  connected  with  the  Examination,  including  Compre¬ 
hensive  Lists  of  the  Newest  and  most  reliable  Text-books,  and  a  Complete  Set  of 
Papers  with  Model  Answers  in  each  Subject.  By  William  Dodds,  B.A. 


Just  issued,  price  4s.  post  free, 

Natural  Philosophy  for  London  University  Matriculation.  By  Edward 

B.  Aveling,  D.Sc.  This  Volume  is  the  only  book  at  present  issued  that  deals  with 
all  the  subjects  required  for  the  Matriculation  Examination.  It  will  now  be  possible 
for  the  Student,  in  place  of  reading  two  or  three  different  books,  by  different  authors, 
to  study  the  whole  of  the  subject  in  one  volume  and  under  one  guide.  Many  examples 
are  worked  out  in  full  as  Models  for  the  Student. 


Just  issued,  price  2s.  post  free, 

Matriculation  Chemistry  Papers  for  Nine  Years.  Worked  out  in 

full  as  Models.  By  G.  N.  Stoker,  F.I.C.,  etc.,  Analyst  in  the  Laboratory,  Somerset 
House. 

Just  issued,  New  and  Enlarged  Edition,  price  3s.  6d.  post  free, 

Matriculation  Natural  Philosophy  Papers  from  1868.  Worked  out  in 

full  as  Models.  By  Edmund  P.Tov,  B.A.,  and  J.  Geo.  Richards,  B.  A.,  B.Sc  (Lond.). 


Just  issued,  price  3s.  post  free, 

Matriculation  Papers  in  English  for  Twelve  Years.  Worked  out  in 

full  as  Models.  By  the  English  Master,  St.  Gregory’s  College,  Bath. 


Just  issued,  price  2s.  6d.  post  free, 

Matriculation  French  Extracts  for  Twelve  Years,  with  Grammatical 

Questions,  etc.  By  William  Dodds,  B.A.,  and  C.  H.  Delhave,  B.  es  L.  Paris. 


Just  issued,  price  2s.  6d.  post  free, 

Matriculation  German  Grammar  for  English  Students.  By  A.  Ayre, 

m.a.  _ 

Just  issued,  price  2s.  6d.  post  free, 

Latin  Grammar  and  Composition  for  London  University  Matriculation. 

Containing  the  whole  of  the  Papers  set  in  these  Subjects  from  the  Foundation  of  the 
University,  with  Answers,  Translations,  Vocabularies,  and  Notes.  By  William 
Dodds,  B.A.  _ __ 

Just  issued,  price  3s.  6d.  post  free, 

Greek  for  London  University  Matriculation  and  B.A.  With 

numerous  Papers  which  have  been  set. 


.  i. 

Now  ready,  price -&s.  post  free, 

Magnetism  and  Electricity  for  London  University  Matriculation. 

By  John  Bowick,  B.A.,  LL.B.,  Honoursman  and  Prizeman.  This  book  is  specially 
prepared  for  the  London  Matriculation  Examination  under  the  new  regulations. 


Recently  published,  price  3s.  6d.  post  free, 

Complete  Guide  to  Matriculation  in  London  University,  in  Arithmetic 

and  Algebra.  By  A.  L.  Sparkes,  B.A.  (Lond.),  F.C.S.  This  work  deals  with  all 
the  specialties  of  the  London  University  Arithmetic  and  Algebra  Papers  in  a  clear  and 
exhaustive  manner,  and  contains  extracts  from  35  years’  Papers,  with  Answers  and, 
where  deemed  necessary,  Solutions. 


Recently  published,  price  3s.  6d.  post  free, 

Deductions,  Riders,  and  Exercises,  based  upon  Euclid,  Books  I.-IV., 

and  containing  at  end  for  reference  the  Text  of  Euclid,  Books  I.-IV.  200  ‘Deduc¬ 
tions  ’  7 vorked  out  in  full ,  from  Papers  set  in  Cambridge  Mathematical  Tripos, 
London  University  Matriculation,  Queen’s  Scholarship,  etc.  The  clearest  and  most 
exhaustive  work  on  ‘  Deductions  ’  ever  published. 


Recently  issued,  price  7s.  6d.  post  free, 

Complete  Guide  to  the  Mathematics  of  the  ist  B.A.  and  ist  B.Sc. 

Examinations.  Part  I.  By  A.  L.  Sparkes,  B.A.  ( a )  This  work  includes  a  sum¬ 
mary  of  the  principal  formulae  in  Arithmetic,  Algebra,  Mensuration,  and  Trigonometry, 
adapted  to  the  present  Syllabus,  and  all  the  more  important  questions  given  during 
the  last  few  years  worked  out  in  full  as  models  of  answering.  (b)  It  gives  a  full  and 
clear  explanation  of  every  point  which  is  likely  to  present  a  difficulty  to  self-taught 
students,  {c)  It  furnishes  ready  solutions  to  all  points  of  difficulty  inherent  in  the  B.A. 
and  the  B.Sc.  Examinations,  which  cannot  be  found  in  the  ordinary  text-books. 
( d )  It  contains  all  the  papers  of  twelve  years’  B.A.  and  B.Sc.  Examinations,  with 
solutions  worked  out  in  full. 


Just  issued,  price  4s.  post  free, 

Conic  Sections  and  Co-ordinate  Geometry  for  ist  B.A.  and  ist  B.Sc. 

Examinations.  Part  II.  With  the  Principal  Formulae  and  Notes  on  their  Proofs, 
being  a  Complete  Treatise  on  the  latter  subject,  adapted  to  the  present  Syllabus.  By 
A.  L.  Sparkes,  B.A. 


Recently  issued,  price  7s.  6d.  post  free, 

Experimental  Physics,  specially  designed  for  London  University 

Science  Candidates,  also  the  Preliminary,  Scientific,  and  part  of  Natural  Philosophy 
of  B.A.  By  J.  C.  Thresh,  B.A.,  D.Sc. 


Just  published,  price  2s. ;  post  free  2s.  2d., 

Anglo-Saxon  Exercises  for  the  London  B.A.,  M.A.,  and  D.Lit., 

and  the  Cambridge  Higher  Local  Examintations.  By  J.  F.  Davis,  D.Lit., 
M.A.  (Lond.). 


Price  2S.  post  free, 

Comparative  Physiology  for  Students.  By  Edward  B.  Aveling,  D.Sc., 

F.L.S.  Part  I.  containing  Digestion ,  Absorption ,  Respiratio7i,  etc. 


Price  3s.  6d.  post  free, 

Manual  of  Constitutional  History.  By  John  MacLeod,  M.A.  Contains 

all  the  Matriculation  Papers  set  in  that  Subject  since  the  Foundation  of  the  Univer¬ 
sity,  and  there  is  not  one  of  them  that  cannot  be  answered  from  the  Manual.  The 
work  is  also  the  most  suitable  for  the  ist  LL.B.  that  is  at  present  extant,  and  would 
save  a  Student,  for  that  examination,  much  waste  of  time,  and  the  cost  of  several 
works,  all  more  expensive  than  this  Manual 


London:  W.  STEWART  &  CO.,  The  Holborn  Viaduct  Steps,  E.C. 


Price  2s.,  post  free, 

Aids  to  the  Study  of  Practical  Chemistry.  By 

George  Smith,  B.Sc.  Covers  the  whole  ground  of  the  Honours 
Science  and  Art  Paper,  and  the  B.Sc.  Examination. 


Price  2s. ,  post  free, 

Practical  Geology.  By  W.  Jerome  Harrison,  F.G.S., 

First  in  First-class  Honours  in  Geology,  Science  and  Art  De¬ 
partment.  With  numerous  Illustrations. 


Price  2s. , 

Arithmetic ;  being  a  Reprint  of  the  Arithmetic 

Papers  set  in  the  Oxford  and  Cambridge,  College  of  Preceptors, 
and  other  Public  Examinations,  for  Twelve  Years. 

Answers  to  above,  3s. 


Recently  issued .  Price  5s.,  post  free, 

A  Complete  Treatise  on  Practical  Geometry  and 

Mensuration.  With  Numerous  Exercises.  By  James  Elliot, 
Emeritus  Professor  of  Mathematics  in  Queen’s  College,  Liverpool ; 
Author  of  4  A  Complete  Treatise  on  Logarithms  and  on  Plane 
Trigonometry,5  etc.  New  Edition,  with  many  improvements. 


New  Edition.  To  be  had  separately  in  One  Volume.  Price  6s.,  post  free. 

By  the  same  Author. 

Companion  to  the  Complete  Treatise  on  Practical 

Geometry  and  Mensuration.  Containing  Critical  and  Explana¬ 
tory  Notes,  the  Higher  Demonstrations,  and  Solutions  of  the 
more  difficult  Exercises. 


W.  STEW APT  &  CO.,  The  Holborn  Viaduct  Stei\s,  London,  E.C. 


Recently  issued.  Price  5s.,  post  free. 

Advanced  Algebra.  By  James  Elliot,  M.A.,  Emeritus 

Professor  of  Mathematics,  Queen’s  College,  Liverpool. 

CONTENTS. 

Evolution — Quadratic  Equations — Cubic  Equations — The  Roots  of  Equa¬ 
tions — Fractional  and  Negative  Exponents — Proportional  Variation — Inde¬ 
terminate  Coefficients — Variations  and  Combinations — The  Binomial  Theorem 
— Surds — Algebra  applied  to  Geometry — Compound  Interest  and  Annuities — 
Numerical  Scales  of  Notations — The  Properties  of  Numbers — Continued 
Fractions — Partial  Fractions — Geometrical  Progressions — Series — Reversion 
of  Series — Orders  of  Differences  in  Series — Interpolation  of  Series — Summa¬ 
tion  of  Series — Integrals  and  their  Increments — Biquadratic  Equations — 
Reciprocal  or  Recurring  Equations — Binomial  Equations — Surds  (continued 
from  Ch.  X.) — The  Roots  of  Equations  (continued  from  Ch.  IV.)  —Exponen¬ 
tial  Theorem — Variations  and  Combinations  (continued  from  Ch.  VIII.) 
— Multinomial  Theorem — Theory  of  Probabilities — Expectation  of  Life — 
Life  Annuities — Life  Assurance — Promiscuous  Exercises. 

Complete  Key  to  above ,  price  6s. 


Fifth  Edition .  Price  6s.,  post  free , 

A  Complete  Practical  Treatise  on  the  Nature  and 

Use  of  Logarithms,  and  on  Plane  Trigonometry.  With  Loga¬ 
rithmic  and  Trigonometrical  Tables.  By  James  Elliot,  Emeritus 
Professor  of  Mathematics  in  Queen's  College,  Liverpool ;  Author 
of  ‘  A  Complete  Treatise  on  Logarithms  and  on  Plane  Trigo¬ 
nometry,’  etc. 

CONTENTS. 

Part  I.  Ox  the  Nature  and  Use  of  Logarithms.  Chap.  I.  Definitions 
and  Explanations.  II.  On  the  Use  of  Logarithms.  III.  On  the  Applications 
of  Logarithms.  IV.  Of  Logarithmic  Scales. — Part  II.  Plane  Trigon¬ 
ometry.  Chap.  I.  Definitions  and  Explanations.  II.  On  the  Use  of  the 
Tables  of  Sines,  Tangents,  and  Secants.  III.  Of  Right-angled  Triangles. 
IV.  Of  Oblique-angled  Triangles.  V.  Of  the  Applications  of  Plane  Trigon¬ 
ometry.  VI.  Of  Errors  in  Trigonometrical  Operations. — Part  III.  On  the 
Functions  of  Angles  and  their  Relations.  Chap.  I.  General  Remarks. 

II.  On  the  Mutual  Relations  of  the  Functions  of  a  Single  Angle.  III.  On  the 
Mutual  Relations  of  the  Sides  and  Angles  of  Right-angled  Triangles.  IV.  On 
the  Mutual  Relations  of  the  Functions  of  Different  Angles.  V.  On  the’Use  of 
Impossible  Quantities  in  relation  to  the  Functions  of  Angles.  VI.  On  the 
Solution  of  certain  Numerical  Equations  by  means  of  Goniometrical  Formulae. 
— Part  IV.  Computation  of  the  Tables,  Natural  and  Logarithmic. 
Chap.  I.  The  Table  of  Natural  Sines,  etc.  II.  The  Table  of  Logarithms  of 
Numbers,  Table  n.  III.  Logarithmic  Sines,  Tangents,  and  Secants,  Table  hi. 

IV.  Tables  vi.,  vn.,  vm.,  ix.,  and  x  — Part  V.  Tables  and  Preliminary 
Problems.  Preliminary  Problems.  Chap.  I.  Logarithms  of  Numbers,  from 
1  to  250,  with  their  Indices.  II.  Logarithms  of  Numbers,  from  1  to  10,000. 

III.  Logarithmic  Sines,  Tangents,  and  Secants.  IV.  Natural  Sines. 

V.  Rhumbs,  or  Points  of  the  Compass.  VI.  Dip  of  the  Sea  Horizon.  VII. 
Dip  of  the  Sea  at  Different  Distances.  VIII.  Correction  in  Levelling,  for 
the  Curvature  of  the  Earth.  IX.  Deduction  from  each  Chain,  to  reduce 
Oblique  to  Horizontal  Measurement.  X.  Of  Gradients.  XI.  Numbers  often 
used  in  Calculations  with  their  Logarithms. 

Complete  Key  to  above ,  3s.,  post  free . 
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IV.  Stewart  &  Co .,  Educational  Publishers , 


STEWART’S  MATHEMATICAL  AND  NATURAL 

PHILOSOPHY  SERIES. 


This,  the  most  complete  Mathematical  Series  ever  issued,  has 
occupied  several  years  in  preparation,  and  has  been  written  by 
a  number  of  the  more  eminent  Mathematical  Professors  and 
Teachers  —  the  ripest  Mathematical  Scholarship  of  the  age 
having  been  laid  under  contribution. 

s.  d. 

1.  Complete  Treatise  on  Practical  Geometry  and 

Mensuration,  .  .  .  .  .  .  .50 

2.  Key  to  above, . 6  0 

3.  Complete  Practical  Treatise  on  the  Nature  and 

Use  of  Logarithms,  and  on  Plane  Trigonometry, 

with  Logarithmic  and  Trigonometrical  Tables,  .  5  0 

4.  Key  to  above, . 3  0 

5.  Advanced  Treatise  on  Algebra,  .  .  .50 

6.  Complete  Key  to  above, . 6  0 

7.  Elementary  Practical  Geometry  and  Mensura¬ 

tion  ,.  .  .  .  .  ,  ,  .  .26 

8.  Key  to  above, . 2  6 

9.  Oxford,  Cambridge,  and  other  Examination 
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Papers  in  Arithmetic  for  12  Years.  Price  2s. 
Answers,  3s. 

10.  Elementary  Logarithms  and  Trigonometry, 

with  Logarithmic  and  Trigonometrical  Tables,  .  2  6 

11.  Key  to  above, . 2  6 

12.  Elementary  Algebra, . 2  0 

13.  Complete  Key  to  above, . 2  6 

14.  Tables  of  Logarithms, . 10 

15.  Euclid,  First  Four  Books,  with  Exercises,  .  1  0 

16.  Conic  Sections, . 10 

17.  Trigonometry  and  Mensuration,  .  .  .16 

18.  Mechanics  (Statics), . 16 

19.  Algebra  (Elements  of), . 10 

20.  Deductions,  Riders,  and  Exercises  on  the  First 

Four  Books  of  Euclid  (Solutions  of),  .  .  .36 

21.  Easy  Mathematics — Algebra  and  Euclid,  .  1  0 
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STEWART’S  MATHEMATICAL  AND  NATURAL  PHILOSOPHY 

SERIES — continued . 


22.  Complete  Guide  to  the  Matriculation  Examina¬ 

tion  in  Arithmetic  and  Algebra, 

23.  Oxford  and  Cambridge  Local  Examination 

Papers  in  Algebra  for  Eight  Years,  with  Answers, 

24.  Algebraic  Factors  Simplified,  .... 

25.  Complete  Guide  to  the  Mathematics  of  the  ist 

B.A.  and  B.Sc.  Examinations,  .... 

26.  Natural  Philosophy  for  London  University 

Matriculation  Examinations,  .... 

27.  Conic  Sections  and  Co-ordinate  Geometry,  for 

1st  B.A.  and  B.Sc.  Examinations.  With  the 
Principal  Formulae  and  Notes  on  their  Proofs, 
being  a  Complete  Treatise  on  the  latter  subject, 
adapted  to  the  present  Syllabus, 

28.  Scholarship  Algebra  Papers  for  the  last 

Twelve  Years,  worked  out  in  full  as  Models, 

29.  Science  and  Art  Department  Papers  in  Mathe¬ 

matics — Stages  1  and  2,  for  Ten  Years — worked 
out  in  full  as  Models,  ...... 

30.  Experimental  Physics,  specially  designed  for 

London  University  Science  Candidates,  the  Pre¬ 
liminary,  Scientific,  and  part  of  Nat.  Phil.  B.A., 

31.  The  Pupil  Teacher’s  Algebra.  This  Work  is 

a  Complete  Treatise  on  the  Theory  and  Practice  of 
Algebra  as  far  as  is  required  by  Pupil  Teachers  or 
Students  in  Training  Colleges,  and  containing  the 
last  Twelve  Years’  Queen’s  Scholarship  Papers 
in  Algebra,  worked  out  in  full  as  Models  of 
Answering ,  ....... 

32.  Complete  Key  to  above, . 

33.  Algebraic  Difficulties  Simplified, 

34.  The  Inductive  Algebra, . 

35.  Science  and  Art  Department — Chemistry,  Or¬ 

ganic  and  Inorganic,  Elementary  and  Advanced, 
for  Twelve  Years,  worked  out  in  full j  . 

36.  Easy  Chemistry  for  Young  Students, 
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FOR  LONDON  UNIVERSITY,  ETC. 


Just  issued,  price  10s.  6d.  post  free, 

OUTLINES  OF  MENTAL  PHILOSOPHY. 

With  very  numerous  Examination  Papers  in  Mental  and  Moral 
Science,  set  for  the  B.A.,  B.Sc.  (Pass  and  Honours),  M.A.,  D.Sc., 
M.S.,  M.D.,  and  Art  of  Teaching  Degrees  in  London  University. 

By  J.  D.  MOKELL,  M.A.,  LL.D., 

AUTHOR  OF  ‘MANUAL  OF  HISTORY  OF  PHILOSOPHY,’  ‘ENGLISH  GRAMMAR 

AND  ANALYSIS,’  ETC. 


Since  the  Psychology  of  the  Scottish  School  (Reid,  Stewart,  Brown) 
has  ceased  to  satisfy  the  requirements  of  the  age,  various  efforts  have 
been  made  to  discuss  the  whole  question  from  a  more  scientific  point  of 
view.  The  present  Outlines  were  designed  to  take  into  due  account 
various  attempts  at  a  more  complete  development  of  the  science,  and 
educe  from  them  a  brief  and  intelligible  sketch  of  a  System  of  Psycho¬ 
logy  based  on  a  critical  apprehension  of  all  the  previous  analyses.  They 
are  thus  presented  as  a  Text-book,  which  may  enable  the  student  in  some 
measure  to  test  the  claims  of  opposing  systems,  and  to  enter  fairly  into 
the  main  questions  which  have  been  mooted  by  the  leading  psychologists 
of  Europe  in  the  present  age. 


BY  THE  SAME  AUTHOR. 


Just  issued,  price  12s.  6d.  post  free, 

A  MANUAL  OF  THE  HISTORY  OF  PHILOSOPHY 

FROM  THE  EARLIEST  PERIOD  TO  THE  PRESENT  TIME. 

With  numerous  Examination  Papers  on  Mental  Science ,  set  in  different 

Examinations  of  the  London  University . 

THE  object  of  the  present  Manual  is  to  present  the  current  of 
Philosophical  thought  in  Europe,  from  the  time  of  Thales  down 
to  the  present  day,  in  a  clear  and  intelligible  form. 

To  render  the  tendency  of  the  different  authors  more  distinct,  their 
opinions  have  been  classified  chiefly  under  the  four  heads  of  Sensation¬ 
alism,  Idealism,  Scepticism,  and  Mysticism,  ending  at  last  with  a  general 
view  of  the  French  Eclecticism.  The  student  will  find  reference  to  the 
works  of  many  authors  not  usually  noticed  in  the  ordinary  Text-books, 
and  thus  be  assisted,  it  is  hoped,  in  gaining  a  more  extended  view  of 
the  Philosophical  Literature  of  England,  France,  and  Germany,  than 
has  been  given  in  many  of  the  former  Manuals  on  the  same  subject. 

LONDON : 

W.  STEWART  k  CO.,  THE  HOLBORN  VIADUCT  STEPS,  E.C. 

EDINBURGH :  J.  MENZIES  k  CO. 


SCIENCE  AND  ART  DEPARTMENT 
PAPERS  IN  MATHEMATICS. 

STAGES  I. -II.,  FOR  TEN  YEARS. 

out  in  full  as  fHobete. 

By  W.  T.  KNIGHT,  Science  Teacher. 

Price.  2s.  6d post  free. 

H.  G.  Whits,  Esq.,  Head  Master  of  Royal  Dockyard  School,  Sheer- 
ness,  says  i  1  Mr.  Knight  gives  just  that  kind  of  help  which  a  student  oi 
Mathematics,  especially  if  self-taught,  so  much  needs.  His  solutions 
are  models  of  clearness.1 

T.  Dawe,  Esq.,  Head  Master  of  Royal  Dockyard  School,  Pembroke, 
says  :  ‘  Mr.  Knight’s  solutions  are  clear  and  accurate,  and  cannot  fail  to 
be  of  much  service  to  those  who  are  preparing  for  any  Examination  in 
Elementary  Mathematics.1 _ 

SCIENCE  AND  ART  DEPARTMENT, 

SOUTH  KENSINGTON. 

CHEMISTRY  PAPERS  FOR  THE  LAST 

ELEVEN  YEARS 

Organic  and  Inorganic,  Elementary  and  Advanced, 

Worked  out  in  full  as  Models  for  the  Student. 

BY 

G.  N.  STOKER,  F.I.C.,  F.R.M.S.,  and  E.  G.  HOOPER, 

Analysts  in  the  Laboratory,  Somerset  House. 

PRICE  3s.  6d. 

The  above  can  also  be  had  in  Two  Parts : 
INORGANIC,  Elementary  and  Advanced.  Price  2s. 
ORGANIC,  Elementary  and  Advanced.  Price  2s. 

Recently  published,  price  Is.  6d.,  post  free, 

ALGEBRAIC  FACTORS  SIMPLIFIED. 

BY  A.  L.  SPARKES,  B.SC.  (LOND.),  F.C.S. 

*  *  This  most  important  part  of  Algebra  is  thoroughly  and  clearly  ex¬ 
plained,  and  every  P.T.  and  Scholar  who  is  to  succeed  in  the  Study  of 
Mathematics  would  save  himself  much  disappointment  and  drudgery  by 
studying  this  work  as  soon  as  he  has  mastered  the  First  Four  Rules. 


W.  STEWART  &  CO.,  The  Holborn  Viaduct  Steps,  London,  E.C. 


I  W.  STEWART  &  00,,  Educational  Publishers, 
Holborn  Viaduct  Steps,  London,  E.O. 


Constants  Mutational  Series* 

THE  EDUCATIVE  READING  BOOKS. 

By  SIMON  S.  LAURIE,  M.A., 

Professor  of  Education  in  tlie  University  of  Edinburgh. 


SCHOOL  BOARD  EDITION. 

Adopted  by  the  London  and  the  leading  Provincial  School 

Boards. 

A  CHEAPER  Edition  of  these  highly-approved  Reading 
Books,  excluding  such  Religious  Lessons  as  are 
objected  to  by  School  Boards,  and  carefully  adapted  to  the 
requirements  of  the  New  Code,  has  just  been  issued. 
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The  above  Series,  Primers  inclusive,  are  strongly  bound 
in  cloth.  They  are,  throughout,  the  work  of  Professor 
Laurie,  one  of  the  ablest  of  modern  Educationists. 


Edinburgh  and  Glasgow:  MENZIES  &  CO. 


NEW  EDITION. 
STEWART’S 

COMPLETE  KEY  TO  MORELL’S  GRAMMAR  AND  ANALYSIS. 

WITH  THE  EXERCISES  IN  ANALYSIS  WORKED  OUT  IN  FULL. 


‘  The  work  is  of  great  importance  to  those  who  would  thoroughly 
understand  the  subject  of  Grammatical  Analysis,  and  stand  well 
therein  in  the  Public  Examinations.’ 


Free  by  Post  for  4s.  in  Post  Office  Order ,  from 

W.  STEWART  &  CO.,  The  Holborn  Viaduct  Steps,  London,  E.C. ; 
Or  can  be  ordered  from  any  Bookseller. 


Recently  published,  price  3s.  6d.,  post  free, 

DEDUCTIONS,  RIDERS,  AND  EXERCISES, 

BASED  UPON 

Euclid,  Books  I. -IV.,  and  containing  at  end  for  reference  the  Text 

of  Euclid,  Books  I.-IV. 

200  ‘  Deductions’  worked  out  in  Full ,  from  Papers  set  in  Cambridge 
Mathematical  Tripos,  London  University  Matriculation,  Queen’s 
Scholarship,  etc. 

***  The  clearest  and  most  exhaustive  work  on  1  Deductions  ’ 

ever  published. 

W.  STEWART  &  CO.,  The  Holborn  Viaduct  Steps,  London,  E.C. 


Recently  published,  price  3s.  6d.,  post  free, 

Complete  Cuttie  to  iRatnculation 

IN  LONDON  UNIVERSITY,  IN  ARITHMETIC  AND  ALGEBRA. 

By  A.  L.  SPARKES,  B.A.  (Lond.),  F.C.S. 

This  work  deals  with  all  the  specialties  of  the  London  University 
Arithmetic  and  Algebra  Papers  in  a  clear  and  exhaustive  manner,  and 
contains  extracts  from  35  years’  Papers,  with  Answers  and,  where 
deemed  necessary,  Solutions. 

W.  STEWART  &  CO.,  The  Holborn  Viaduct  Steps,  London,  E.C. 
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c  This  Series  has  the  double  merit  of  being  very  cheap , 
and  at  the  same  time  very  good 


SCHOLASTIC  READING  BOOKS. 

( Specially  drawn  up  for  the  New  Code .) 

ILLUSTRATED. 

Primer  No.  I,  . 

2d. 

Primer  No.  II.,  .... 

3d. 

Standard  I . 

5d. 

Standard  II., 

6d. 

Standard  III. . 

9d. 

Standard  IV.,  .... 

.  Is.  Od. 

Standards  V.  and  VI.,  . 

.  Is.  6d. 

W.  STEWART  &  CO., 

THE  HOLBORH  VIADUCT  STEPS, 
LONDON,  E.C. 


**  4  Teachers  may  use  this  Series ,  confident  that  they 
are  using  boolcs  suited  exactly  to  the  requirements 

of  the  present  Code' 


LONDON:  W.  STEWART  &  CO.,  THE  HOLBORN  VIADUCT  STEPS,  E.C. 


BOOKS  FOR  PUPIL  TEACHERS. 


For  Admission. 

Papers  set  at  Admission  to  Training  Colleges, 

First  Steps  in  English  Composition, 

Stewart’s  Standard  Geography, 

For  End  of  First  Year. 

First  Steps  in  English  Composition, 

Stewart’s  Scholastic  Geography  (with  Maps), 

Stewart’s  First  Grade  Freehand  Drawing  Cards, 
Stewart’s  Book  of  Music — an  Easy  Grammar  of  Music, 
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For  End  of  Second  Year. 

First  Steps  in  English  Composition, 

Stewart’s  Home  Lesson  Geography  of  Europe, 
Stewart’s  Date  Book  of  English  History, 

Stewart’s  First  Grade  Freehand  Drawing  Cards, 
Stewart’s  Book  of  Music — an  Easy  Grammar  of  Music, 


For  End  of  Third  Year. 

First  Steps  in  English  Composition,  .  .  .  .  „ 

Analysis  of  Sentences,  by  James  Currie,  M.A.,  .  .  „ 

Complete  Key  to  Exercises  in  Morell’s  Grammar  and  Analysis,  ,, 

Steele’s  Notes  of  Lessons — Oral  Teaching,  .  .  .  „ 

Notes  of  Lessons  on  Animals  and  Common  Things,  .  .  „ 

Stewart’s  Euclid — Book  I.,  .  .  .  „ 

Stewart’s  Geography  and  History  of  British  Colonies,  .  ,, 

Stewart’s  History  to  Accession  of  Henry  vii.,  .  .  ,, 

Stewart’s  Book  of  Chemistry,  ...... 

Stewart’s  Mechanics,  ....... 

Stewart’s  Animal  Physiology, 

Stewart’s  Physical  Geography,  ...  „ 

Stewart’s  Botany,  .  .  .  ...  „ 

Stewart’s  Book  of  Music — an  Easy  Grammar  of  Music,  .  ,, 
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por  End  of  Fourth  Year. 

Currie’s  Practical  English  Grammar,  .  .  .  .  ,. 

Complete  Key  to  Morell’s  Grammar  and  Analysis,  .  .  ,, 

How  to  Parse, 

First  Steps  in  English  Composition,  .  .  .  .  ., 

Euclid  to  end  of  Book  I. — Algebra  to  Simple  Equations  (inch),  „ 
History — from  Accession  of  Henry  vii.  to  present  time,  .  „ 

Science  Subjects  (See  end  of  Third  Year). 

Stewart’s  Book  of  Music — an  Easy  Grammar  of  Music,  .  ,, 

Stewart’s  Book  of  Harmony  for  P.  T.’s  Examinations  in  Music,  „ 
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For  End  of  Fifth  Year. 

First  Steps  in  English  Composition,  .  .  .  .,,08 

Meiklejohn’s  Book  of  English — Source  and  Growth  of  Language,  „  1  0 

Euclid,  Book  II. — Mensuration  and  Algebra,  to  Quadratics,  .  „  0  6 

History — from  Accession  of  Henry  vii.  to  present  time,  .  ,,0  7 

The  Pupil  Teacher’s  Algebra — Scholarship  Papers,  worked 

out  in  full,  .  .  .  .  .  .  .,,26 

Currie’s  Elements  of  Musical  Analysis,  .  .  .  „  4  6 

Currie’s  Common  School  Education,  .  .  .  .,,60 


W.  STEWART  &  CO.,  Holborn  Viaduct  Steps,  London,  E.C. 


JV.  Stewart  &  Co .,  Educational  Publishers , 


Fourteenth  Edition,  pp.  504,  price  Gs., 

THE  PRINCIPLES  AND  PRACTICE  OF  COMMON 

SCHOOL  EDUCATION. 

By  the  Rev.  JAMES  CURRIE,  M.A.,  LL.D., 

Principal  of  the  Church  of  Scotland  Training  College,  Edinburgh; 

Author  of  ‘Early  and  Infant  School  Education,’  etc.  etc. 

This  work  consists  of  Three  Parts.  Part  I.  is  a  Manual  of  Principles,  and 
illustrates  the  objects  and  laws  of  Education  in  their  connection  with  the 
Doctrines  of  Mental  Science.  Part  II.  is  a  Manual  of  School  Management, 
and  treats  of  Organization,  Discipline,  and  the  Art  of  Teaching.  Part  III.  is 
a  Manual  of  Method,  and  shows  how  the  Art  of  Teaching  is  applied  to  all 
the  branches  which  form  part  of  Common  School  Education. 

BY  THE  SAME  AUTHOR. 

Sixteenth  Edition. 

THE  PRINCIPLES  AND  PRACTICE  OF 
EARLY  AND  INFANT  SCHOOL  EDUCATION: 

With  an  Appendix  of  Hymns  and  Songs  with  Appropriate  Melodies. 

Price  4s.  Pp.  310. 

The  work  consists  of  Four  Parts.  Part  I.  treats  of  the  Principles  of  Early 
Education,  showing  by  what  means  and  in  what  order  the  Physical,  Social, 
Moral,  and  Intellectual  parts  of  the  child’s  nature  are  best  cultivated.  Part 
II.  treats  of  the  Subjects  of  Instruction  which  should  be  used  as  the  instruments 
of  a  child’s  education — viz.,  Language,  Number,  Colour  and  Form,  Objects 
and  Incidents,  Singing,  and  Religious  Instruction.  Part  III.  explains  the 
conditions  necessary  to  effective  instruction — in  regard  to  Arrangement, 
Illustration,  Language,  Interrogation,  Temper  and  Manner,  and  the  Appli¬ 
cation  of  Motives.  Part  IY.  explains  the  Structure  of  the  Infant  School,  and 
the  Organization  of  its  Work ;  and  also  the  Apparatus  which  will  be  found 
requisite  in  the  School  and  Nursery  for  the  purposes  of  instruction.  The 
Appendix  to  the  work  contains  a  large  selection  of  Hymns  and  Songs  suit¬ 
able  for  children,  with  appropriate  Zdelodies. 


MUSIC. 

THE  ELEMENTS  OF  MUSICAL  ANALYSIS: 

A  Manual  of  the  Theory  of  Music  for  Schools  and  Private  Students. 

Price  4s.  6d.,  pp.  268  ;  and  in  Two  Parts  at  2s.  each. 

Part  I.,  Melody.  Part  II.,  Harmony. 

The  work  consists  of  Two  Parts.  Part  I.  on  Melody,  after  exhibiting  fully 
the  elements  of  Notation,  treats  of  the  construction  and  relations  of  the  Diatonic 
Major  and  Minor  Scales,  and  devotes  an  adequate  space  to  the  doctrine  of 
Rhythm,  a  knowledge  of  which  is  essential  to  an  understanding  of  the  structure 
of  Melody.  Part  II.  on  Harmony,  taking  as  its  basis  the  natural  harmony  of 
the  Diatonic  Major  Scale,  deduces  therefrom  the  various  derived  harmonies 
of  the  Major  and  Minor  Scales,  and  explains  all  the  chords  in  common  use, 
with  their  modifications  by  suspension,  passing  notes,  and  organ  point.  The 
relations  of  the  keys  and  their  modulations  are  then  fully  illustrated ;  and, 
finally,  the  principles  which  regulate  Musical  Composition  in  its  simpler  forms. 


Iiolborn  Viaduct  Stejis,  London ,  E.C . 
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STEWART’S 

LOCAL  EXAMINATION  SERIES. 

Edited  by  Walter  Besant,  M.A.,  Christ  College,  Cambridge,  and 
Bev.  B.  J.  Griffiths,  B.A.,  LL.B.,  St.  John’s  College, 
Cambridge. 


***  The  Books  of  this  Series  Is.  each,  unless  otherwise  specified. 

1.  The  Book  of  Physics.  By  Frederick  Guthrie,  F.B.S.  L.  and  E., 

Ph.D.,  Professor  of  Physics  in  the  Royal  School  of  Mines  ;  Examiner  to 
Science  and  Art  Department,  South  Kensington ;  Examiner  in  Physics 
in  the  University  of  London. 

2.  The  Book  of  Chemistry.  By  the  Bev.  J.  W.  Hicks,  M.A. 

(Cantab.),  M.D.  (Lond.),  Fellow  of  Sidney  Sussex  College,  Cambridge; 
Demonstrator  of  Chemistry  to  the  University ;  and  formerly  Lecturer  to 
St.  Thomas’  Hospital. 

3.  The  Book  of  Mechanics.  By  Oscar  T.  Thorpe,  M.A.,  late 

Fellow  and  Lecturer  of  Christ  College,  Cambridge ;  Examiner  to  the 
College  of  Preceptors.  Price  Is.  6d. 

4.  The  Book  of  Trigonometry  and  Mensuration.  By  William 

Garnett,  M.A.,  Fellow  of  St.  John’s  College,  Cambridge;  University 
Demonstrator  of  Physics.  Price  Is.  6d. 

5.  The  Book  of  Physical  Geography.  By  Keith  Johnston, 

F.R.G.S.,  late  Assistant  Examiner,  Science  and  Art  Department,  South 
Kensington.  Price  Is.  6d. 

6.  The  Book  of  Conics  ;  Treated  Geometrically,  with  an  Elementary 

Treatise  on  Analytical  Geometry.  By  Rev.  Francis  Harrison,  M.A., 
late  Fellow  and  Tutor  of  Oriel  College,  Oxford. 

7.  The  Book  of  Latin.  With  an  Introduction  to  Philology.  By 

C.  A.  M.  Fennel,  M.A.,  late  Fellow,  Lecturer,  and  Examiner  of  Jesus 
College,  Cambridge. 

8.  The  Book  of  Greek.  With  an  Introductory  Essay  on  the  Language. 

By  A.  W.  Adams,  M.A.,  and  Samuel  Lee,  M.A.,  Barrister  at  Law,  Ex¬ 
aminer  to  the  Inns  of  Court,  to  the  Oxford  and  Cambridge  School 
Examination  Board  ;  Civil  Service  Examiner,  etc. 

9.  The  Book  of  English.  By  J.  M.  D.  Meiklejohn,  M.A.,  Professor 

of  Education  m  the  University  of  St  Andrews ;  Translator  of  Kant’s 
‘  Kritik  of  Pure  Reason.’ 

10.  The  Book  of  French.  By  Walter  Besant,  M.A.,  Christ  College, 

Cambridge ;  Examiner  in  French  to  the  Cambridge  Local,  the  Higher 
Local,  and  the  Oxford  and  Cambridge  Schools  Examinations. 

11.  The  Book  of  Euclid.  By  Bev.  Francis  Harrison,  M.A.,  late 

Fellow  and  Tutor  of  Oriel  College,  Oxford. 

12.  The  Book  of  Algebra.  By  Arthur  J.  Fisher,  B.A.,  Scholar  of 

Sidney  Sussex  College,  Cambridge  ;  Mathematical  and  Science  Master  of 
King’s  School,  Ely. 

13.  The  Book  of  English  Literature.  By  W.  Stewart  Boss,  Uni¬ 

versity  of  Glasgow,  Author  of  ‘  Last  Century  of.  British  History,’  etc. 
Price  Is.  6d. 

14.  The  Book  of  English  History.  By  Bev.  B.  J.  Griffiths,  B.A., 

LL.B.,  St.  John’s  College,  Cambridge,  Joint  Editor. 


The  Holborn  Viaduct  Steps,  London ,  E.C . 
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SUPPLEMENTARY  VOLUMES. 

The  Book  of  Keat.  By  Robert  E.  Baynes,  M.A.,  Senior  Student  of 
Christ  Church,  Oxford,  and  Lee’s  Reader  in  Physics.  Price  Is.  6d. 

Manual  of  Physiography.  Adapted  to  1st  and  2d  Stage,  Science  and 
Art  Department.  By  John  Williams,  F.R.G.S.  Price  2s.  each  Stage. 

The  Newspaper  Reading  Book.  Being  a  Collection  of  Extracts  from  1 
Newspapers,  printed  in  hold  type,  and  with  Vocabulary  of  the  difficult 
words.  Price  Is. 

Easy  Mathematics,  Euclid,  and  Algebra.  Price  Is. 

Easy  Latin  Grammar,  and  Csesar.  With  Literal  Translations.  Is. 
Easy  French  Grammar  and  Reading  Book.  Price  Is. 

Easy  Mechanics  :  The  Elements  of  the  Science.  Price  Is. 

Easy  Animal  Physiology.  Price  Is. 

Easy  Physical  Geography.  Trice  Is. 

Easy  Botany.  Price  Is. 

Easy  Domestic  Economy.  Price  Is. 

Practical  Geology.  By  W.  J.  Harrison,  F.G.S.  Price  2s. 

The  Book  of  Agricultural  Science.  By  William  Wallace  Fyfe, 
F.G.S.  Price  Is.  6d. 

Easy  Lessons  in  Electricity.  By  E.  P.  Toy,  B.A.  Price  Is. 

A  Short  Classical  Dictionary.  By  B.  Johnson,  M.A.  Price  Is. 

Complete  Key  to  Morell’s  Grammar  and  Analysis.  Exercises  on 
Analysis  worked  out.  Price  4s. 

The  Book  of  Musical  Harmony.  By  R.  Deakin,  B.A.  Price  Is. 
Summary  of  Whately’s  Christian  Evidences.  Price  Is. 

English  History  in  Rhyme.  For  Students.  Price  Is. 

Roman  History  in  Rhyme.  For  Students.  Price  Is. 

Electricity  and  Magnetism.  Price  Is. 

Parliament  and  the  Constitution.  Price  Is. 

Text-Book  of  Constitutional  History.  Price  3s.  Gd. 

i 

Practical  Chemistry.  Price  2s. 

Constable’s  Book-keeping.  Price  2s. 

Turner’s  Commercial  Guide.  Price  Is.  Gd. 

Harrison’s  First  Grade  Drawing  Cards.  Price  Is.  per  Packet. 

Csesar.  Bookl.  Latin  Text,  Eng.  Trans.,  Exercises,  Maps,  etc.  Is.  Gd. 


The  Holborn  Viaduct  Steps,  London,  E.C. 


HUGHES’S  INSPECTORS'  TEST  CARDS,  ETC. 


Hughes’s  Arithmetical  Test  Papers,  Foolscap  size,  for  the 
four  higher  Standards,  are  unsurpassed  for  securing  neatness,  and 
affording  excellent  practice  in  actual  inspection  work,  many  of  the 
questions  having  been  actually  set  by  H.M.  Inspectors  in  various  parts 
of  the  country.  Price  iod.  per  Packet  of  25,  with  Answers. 

Hughes’s  Arithmetical  Test  Papers.  Second  Series  (New 
Code),  on  same  plan  as  first  Series.  Price  iod.  per  Packet,  with 
Answers. 

Hughes’s  Standard  Table'  Cards.  The  Tables  are  neatly 

arranged  in  Standards,  and  are  printed  in  bold,  clear  type,  on  stout 
Cards.  Price  iod.  per  Packet  of  25. 

Hughes’s  Inspectors’  Test  Sums  for  the  Six  Standards  (First 
Series).  Every  example  has  actually  been  set  by  H.M.  Inspectors, 
and  under  the  present  Code.  Each  Packet  contains  32  different  Cards 
and  two  copies  of  Answers.  Price  is.  per  Packet. 

Hughes’s  Inspectors’  Test  Sums  for  the  Six  Standards  (Second 
Series).  Every  example  has  actually  been  set  by  H.M.  Inspectors, 
and  under  the  present  Code.  Each  Packet  contains  40  different  Cards 
and  two  copies  of  Answers.  Price  is.  per  Packet. 

Hughes’s  Geographical  Test  Papers  for  the  Upper  Standards 
(New  Code).  There  are  40  papers,  large  post  4to,  in  a  Packet,  and 
eight  varieties.  Price  is.  per  Packet. 

Hughes’s  Grammatical  Test  Papers  for  the  Upper  Standards 
(New  Code).  There  are  40  papers,  large  post  4to,  in  a  Packet,  and 
eight  varieties.  Price  is.  per  Packet. 

Every  question  on  the  Geographical  and  Grammatical  Test  Papers 
has  been  given  by  H.M.  Inspectors  in  various  parts  of  the  country. 

Hughes’s  School  Series  of  Memory  Cards.  Analysis  for 
Standards  V.  and  VI.  on  one  Card.  Price  is.  per  Packet  of  24. 

Hughes’s  Grammatical  Definitions  for  Standards  u.  and  ill. 
on  one  Card.  Price  is.  per  Packet  of  24. 

Hughes’s  Geographical  Definitions  for  standard  II.  Price 
is.  per  Packet  of  24. 

Hughes’s  Geography  of  Yorkshire  for  Standard  ill.  Price  is. 
per  Packet  of  24. 

Hughes’s  Mental  Arithmetic  Cards,  suitable  for  any  of  the 
Higher  Standards.  Price  is.  per  Packet  of  24. 

Hughes’s  Musical  Definitions  (with  Illustrations),  suitable  for  the 
Higher  Standards  and  Pupil  Teachers ;  equally  valuable  to  learners  of 
Instrumental  and  Vocal  Music.  Price  is.  per  Packet  of  12. 

Hughes’s  Inspectors’  Test  Sums  (First  Series),  with  Answers 
in  a  book ,  strongly  bound  in  cloth,  2s. 

Hughes’s  Inspectors’  Test  Sums  (Second  Series),  with  Answers 
in  a  book ,  strongly  bound  in  cloth,  2s.  The  above  two  vols.  contain 
the  most  useful  set  of  Arithmetical  Examples  from  Standards  I. -VI. 
ever  issued.  Answers  guaranteed  correct. 


W.  STEWART  &  CO.,  Holborn  Viaduct  Steps,  London,  E.C. 


ST  E  WA  RT'S 

PICTURES  OF  ANIMALS. 


The  Cheapest  Set  yet  Published.  Comprising  24  Sheets,  17  in.  by  14  in., 
mounted  on  strong  Cardboard,  Coloured,  Varnished,  and  fitted  with  tapes 
for  hanging  up.  Price  24s.  per  set  of  24. 

These  Sheets  are  carefully  and  artistically  drawn,  and  are  brilliantly 
coloured  in  the  highest  style  of  art.  For  boldness  of  outline  and  striking 
general  effect  for  School  Wall  decoration,  this  series  of  Animal  Pictures 
will  be  found  superior  to  anything  of  the  kind  yet  published. 


LIST  OF  THE  SERIES. 


1.  Horse. 

9.  Foxes. 

17.  Camel. 

2.  Bull. 

10.  Wolf. 

18.  Polar  Bear. 

3.  Cow  and  Calf. 

11.  Elephant. 

19.  Brown  Bear. 

4.  Sheep. 

12.  Rhinoceros. 

20.  Beavers. 

5.  Goat  and  Kid. 

13.  Tiger. 

21.  Ostriches. 

6.  Pigs. 

14.  Lion. 

22.  Geese. 

7.  Dogs. 

15.  Hippopotamus. 

23.  Partridge. 

8.  Cat  and  Kittens. 

16.  Zebra. 

24.  Pheasants. 

Price  1  a  6d.  post  free , 

CAII  JULII  C^; SARIS 
DE  BELLO  GALLICO  COMMENTARIORUM. 

LIB.  I. 


With  a  Literal  Translation,  a  Set  of  Exercises,  a  Grammatical 

Synopsis,  Maps,  etc. 

BY 

ALPHONSE  ESTOCLET,  B.A. 


Price  2 s,  post  free , 

NOTES  OF  LESSONS  ON 
ANIMALS  AND  COMMON  THINGS. 

*  *  This  new  work  is  confidently  recommended  to  Pupil  Teachers  and  Young- 
Teachers  generally.  Besides  affording  the  matter  for  the  ‘Notes  of  Lessons,’  it 
contains  practical  and  valuable  hints  as  to  the  manner  of  communicating  the 
same,  based  upon  the  long  experience  of  the  Author  in  teaching  the  younger 
classes  in  a  Public  Elementary  School. 


W.  STEWART  &  CO.,  The  Holborn  Viaduct  Steps,  London,  E.C. 


FOR  NEW  CODE. 


STEWARTS 

fMstovkal  IReabmo  Boohs. 

Standard  II. — Easy  History  of  England,  from  the  Earliest 
Period  to  the  Norman  Conquest.  Price  lOd. 

Standard  III. — Easy  History  of  England,  from  the  Norman 
Conquest  to  the  Battle  of  Bosworth.  Price  Is. 

Standard  IV. — Biographical  Sketches  of  the  Great  Person¬ 
ages  of  English  History,  and  Ballads  treating  of  the  more  Ro¬ 
mantic  Incidents  in  the  Annals  of  England.  Price  Is.  6d. 

Standard  V. — General  History  of  the  British  Empire,  from 
the  Earliest  Period  to  the  Battle  of  Bosworth.  Price  Is.  6d. 

Standard  VI. — General  History  of  the  British  Empire,  from 
the  Battle  of  Bosworth  to  the  Present  Time.  Price  Is.  6d. 

Standard  VII. — The  Constitutional  History  of  England,  from 
the  Earliest  Period  to  the  Present  Time. '  Price  2s. 

STEWART’S 

(Seogvapbical  IReabing  Books. 

Standard  I. — The  Four -Cardinal  Points.  The  Meaning  and 
Use  of  a  Map.  Price  5d. 

Standard  II. — The  Size  and  Shape  of  the  World.  Geogra¬ 
phical  Terms  Simply  Explained  and  Illustrated  by  Reference  to 
the  Map  of  England.  Physical  Geography  of  Hills  and  Rivers. 
Price  6d. 

Standard  III. — Physical  and  Political  Geography  of  England. 
Price  Is. 

Standard  IV. — Physical  and  Political  Geography  of  the 
British  Isles,  British  North  America,  and  Australia,  with  Know¬ 
ledge  of  their  Productions.  Price  Is.  6d. 

Standard  V. — Geography  of  Europe,  Physical  and  Political. 
Latitude  and  Longitude.  Day  and  Night.  The  Seasons.  Price  2s. 

Standard  VI. — Geography  of  the  World  generally,  especially 
the  British  Colonies  and  Dependencies.  Interchange  of  Produc¬ 
tions.  Circumstances  which  determine  Climate.  Price  2s.  . 

Specimens  of  above  Post  Free  for  Half  Price  in  Stamps. 

LONDON:  W.  STEWART  &  CO., 

THE  HOLBORN  VIADUCT  STEPS,  E.C. 

EDINBURGH:  J.  MENZIES  &  CO. 
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